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Amendments to the Claims: 



This listing of claims replaces all prior versions and listings of claims in the application: 



Listing of Claims : 



(Currently amended) A compound of formula 




wherein 



(I) 



m is 0, 1, 2, 3 or 4; 

each independently represents halogen, cyano, hydroxyl, Ci-Cgalkyl, 
Ci-Cfihaloalkyl, Ci-Cgalkoxy or sulphonamido; 

e ither X represents a bond; aad Y represents -0-, Z represents -CH2; 

n is 0, 1 or 2; 

2 

each R independently represents halogen or Ci-Ce alkyl; 
qisl; 

R^epresents -NHC(0)R^^, -C(0)NR^^R^^ or -COOR^^^ 

R , R^, R^, dx^ R^ TOd4^*-each ind e pend e ntly represent a hydrogen atom : 
g 

R represents a hydrogen or Cj ^-Ca alkyl group: 

t is 0, 1 or 2; 
9 

eachR independently represents halogen, cyano, hydroxyl, carboxyl, Ci-Cealkoxy, 
Ci-Cg alkoxycarbonyl, Ci-Ce haloalkyl, or Ci-Cg alkyl optionally substituted by at least one 
substituent selected from carboxyl and Ci-Cg alkoxycarbonyl; 
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R represents a group Ci-Ce alkyl, C2-C6 alkenyl, C3-C6 cycloalkyl, adamantyl, C5- 

Cg cycloalkenyl, phenyl or a saturated or unsaturated 5- to 10-membered heterocyclic ring 

system comprising at least one ring heteroatom selected from nitrogen, oxygen and sulphur, each 

of which may be optionally substituted by one or more substituents independently selected from 

nitro, hydroxyl, 0x0, halogen, carboxyl, Ci-Cealkyl, Ci-Cealkoxy, Ci-Ce alkylthio, 

C1-C6 alkylcarbonyl, Ci-Cg alkoxycarbonyl, phenyl and -NHC(0)-R^'^, or 

R^^ represents a group -NR^^R^^ or -0-R^^; 
11 12 

R andR each independently represent (i) a hydrogen atom, (ii) a 3- to 6-membered 
saturated or unsaturated ring optionally comprising at least one ring heteroatom selected from 
nitrogen, oxygen and sulphur and optionally ftirther comprising a bridging group, the ring being 
optionally substituted with at least one substituent selected from halogen, hydroxyl, Ci-Cg 
alkyl, C1-C6 hydroxyalkyl and Ci-Cg haloalkyl, 

(iii) a Ci-Cg alkyl group optionally substituted by at least one substituent selected from halogen, 
amino, hydroxyl, Ci-Cg haloalkyl, carboxyl, Ci-Cg alkoxy, Ci-Ce alkoxycarbonyl, C1-C6 
alkylcarbonylamino and a 3- to 6-membered saturated or unsaturated ring optionally 
comprising at least one ring heteroatom selected from nifrogen, oxygen and sulphur and 
optionally fiuther comprising a bridging group, the ring being optionally substituted with at least 
one substituent selected from halogen, hydroxyl, 0x0, Ci-Cg alkyl, Ci-Cg hydroxyalkyl and 
Ci-Cg haloalkyl, or (iv) C1-C6 alkylsulphonyl, 
or 

11 12 

R and R together with the nitrogen atom to which they are attached form a 4- to 7-membered 
saturated heterocyclic ring that optionally fiirther comprises a ring nifrogen, oxygen or sulphur 
atom and that is optionally ftised to a benzene ring to form a 8- to 1 l-membered ring system, the 
heterocyclic ring or ring system being optionally substituted with at least one substituent selected 
from halogen, hydroxyl, amido, Ci-Cg alkyl, Ci-Cg hydroxyalkyl, Ci-Cgalkoxy, 
Ci-Cg alkoxycarbonyl, Ci-Cg haloalkyl, Ci-Cg alkylamino, di-Ci-Ce alkylamino, 
Ci-Cg alkylcarbonyl, Ci-Ce alkylcarbonylamino, Ci-Ce alkylaminocarbonyl, di- 
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Ci-C6 alkylaminocarbonyl, phenyl, halophenyl, phenylcarbonyl, phenylcarbonyloxy and 

hydroxydipheny Imethyl ; 

T.12a , , 

R represents a hydrogen atom or a Ci-Cs alkyl group; 

13 

R represents a Ci-C^ alkyl, amino or phenyl group; 
14 15 

R and R each independently represent a hydrogen atom, or a group Ci-Cg alkyl, 
Ci-C6 alkylsulphonyl, phenyl or a saturated or unsaturated 5- to 10-membered heterocyclic 
ring system comprising at least one ring heteroatom selected from nitrogen, oxygen and sulphur, 

each group being optionally substituted as defined above for R^^, or 
14 15 

R and R together with the nitrogen atom to which they are attached form a 4- to 7- 
membered saturated heterocyclic ring that optionally further comprises a ring nitrogen, oxygen 
or sulphur atom, the heterocyclic ring being optionally substituted by at least one hydroxyl; and 

R represents a hydrogen atom, or a group Ci-C6 alkyl, phenyl or a saturated or 
unsaturated 5- to 10-membered heterocyclic ring system comprising at least one ring heteroatom 
selected from nitrogen, oxygen and sulphur, each group being optionally substituted as defined 
above for R^^; 

or a pharmaceutically acceptable salt thereof. 



2. (Original) A compound according to claim 1, wherein X and Y have the meanings 
shown in the following table: 



X 


Y 


bond 


0 


0 


bond 


CH2 


bond 


bond 


CH2 



Claims 3-4 are cancelled. 
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5. (Previously presented) A compound according to claim 1, wherein R represents 
-NHC(0)R^^ or -C(0)NR^ ^R^^. 

6. (Previously presented) A compound according to claim 1, wherein t is 1 and R^ is 

3 

located in the para position with respect to R . 

7. (Currently Amended) A compound according to claim 1 selected from: 

2-( {(2S)-3-[(5-Chloro-3//-spiro[ 1 -benzofuran-2, 1 '-cyclohexan]-4'-yl)amino]-2- 
hydroxypropyl}oxy)-4-hydroxy-A^-methylbenzamide, 

A^-2-({(2S)-3-[5~Chloro-3//-spiro[ 1 -benzofuran^2, 1 '-cyclohexan]-4'-yl)amino]-2- 
hydroxypropyl}oxy)-4-fluorophenyl]acetamide, 

2-({(2S)-34(5-Chloro-3i/-spiro[l-benzofuran-2J'"Cyclohexan]-4^yl)amino^ 
hydroxypropyl} oxy)-A/-methylbenzamide, 

7\r-[2-({(2S)-34(5«ChloroOi/-spiro[l-benzofuran-24'-cyclohexan]-4'-^^^ 
hydroxypropyl}oxy)-4-hydroxyphenyl]acetamide, 

A^-[2-( {(2S)-3-[(5-Chloro-3//-spiro[ 1 -benzofuran-2, 1 '-cyclohexan]-4'-yl)amino]«2- 
hydroxy-2-methylpropyl}oxy)-4-hydroxyphenyl]acetamide (trifluoro acetate), 
and pharmaceutically acceptable salts and solvates of any one thereof. 

8. (Withdrawn) A process for the preparation of a compound of formula (I) or a 
pharmaceutically acceptable salt or solvate thereof as defined in claim 1 which comprises, 
(a) reacting a compound of formula 



wherein m, R , n, R , q, X, Y and Z are as defined in formula (I), with a compound of formula 




(11) 



2 
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(III) 



wherein R^, r"^, R^, R^, R^, R^, t and R^ are as defined in fonnula (I); or 
(b) reacting a compound of formula 

X— Y (CH^L 




(IV) 

12 45678 
wherein m, R , n, R , q, X, Y, Z, R , R , R , R and R are as defined in fonnula (I), with a 



compound of formula 



HO 




(V) 



3 9 

wherein R , t and R are as defined in formula (I), in the presence of a suitable base; or 

3 10 
(c) when R represents -NHC(0)R , reacting a compound of formula 




(VI) 
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wherein m, r\ n, R^, q, X, Y, Z, r"^, R^, R^, R'^, R^, t and R^ are as defined in formula (I), with 



a compound of formula 




R 



10 



(vn) 

wherein L represents a leaving group and R^^ is as defined in formula (I); or 
(d) when represents -C(0)NR^ ^R^^, reacting a compound of formula 




X— Y (CH2)A 




C{0)U 



m 



(R')n 



(vin) 



wherein represents a leaving group and m, r\ n, R^, q, X, Y, Z, r"^, R^, R^, R*^, R^, t and R^ 
are as defined in formula (I), with a compound of formula (IX), NHR^ ^R^^, wherein R^ ^ and 
R^^ are as defined in formula (I); or 

(e) when R^ represents -NHC(0)R^^, R^^ represents -NR^'^R^^ and R^"^ and R^^ both 
represent hydrogen, reacting a compound of formula (VI) as defined in (c) above with potassium 

cyanate; 



and optionally after (a), (b), (c), (d) or (e) forming a pharmaceutically acceptable salt or solvate. 

9, (Previously Presented) A pharmaceutical composition comprising a compound of formula 
(I) or a pharmaceutically acceptable salt thereof as claimed in claim 1 in association with a 
pharmaceutically acceptable adjuvant, diluent or carrier. 



10. (Withdrawn) A process for the preparation of a pharmaceutical composition as claimed 
in claim 9 which comprises mixing a compound of formula (I) or a pharmaceutically acceptable 



Applicant : Nafizal Hossain Attorney's Docket No.: 06275-503US1 

Serial No, : 10/575,522 
Filed : April 12, 2006 
Page : 8 of 28 

salt or solvate thereof as claimed in claim 1 with a pharmaceutically acceptable adjuvant, diluent 
or carrier. 

11. (Cancelled) 

12. (Withdrawn) A method of treating a disease or condition in which modulation of 
chemokine receptor activity is beneficial, the method comprising administering to a patient in 
need thereof a therapeutically effective amount of a compound of formula (I) or a 
pharmaceutically acceptable salt or solvato thereof as claimed in claim 1. 

13. (Withdrawn) A method of treating rheumatoid arthritis, the method comprising 
administering to a patient in need thereof a therapeutically effective amount of a compoxmd of 
formula (I) or a pharmaceutically acceptable salt or solvate thereof as claimed in claim 1. 

14. (Withdrawn) A method of treating chronic obstructive puhnonary disease, the method 
comprising administering to a patient in need thereof a therapeutically effective amount of a 
compound of formula (I) or a pharmaceutically acceptable salt or oolvato thereof as claimed in 
claim 1. 

15. (Withdrawn) A method of treating asthma, the method comprising administering to a 
patient in need thereof a therapeutically effective amount of a compound of formula (I) or a 
pharmaceutically acceptable salt or solvat e thereof as claimed in claim 1. 

16. (Withdrawn) A method of treating multiple sclerosis, the method comprising 
administering a therapeutically effective amount of a compound of formula (I) or a 
pharmaceutically acceptable salt or solvate thereof as claimed in claim 1. 
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1 7. (Withdrawn) A method of treating an inflammatory disease which comprises 
administering to a patient in need thereof a therapeutically effective amount of a compound of 
formula (I) or a pharmaceutically acceptable salt or solvate thereof as claimed in claim 1. 

18. (Withdrawn) A method of treating an airways disease which comprises administering to 
a patient in need thereof a therapeutically effective amount of a compound of formula (I) or a 
pharmaceutically acceptable salt or solvat e thereof as claimed in claim L 
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REMARKS 

Claims 1-10 and 12-18 are pending. Applicants have cancelled claims 3 and 4 without 
prejudice. Claims 1, 2, 5-10, and 12-18 will therefore be pending upon entry of the proposed 
amendments. 

Support for the amendment to claim 1 can be found throughout the specification, e.g., at 
page 8, lines 21-22. 

Office's response to arguments presented in previous reply 

The Office Action states, in part, on page 2 (emphasis added): 

The rejection for scope of enablement are maintained as the directions for the 
preparation and use of the compounds commensurate in scope with the claims has 
not been provided. The number of examples provided by the specification are 
few and have been discussed previously (and are reproduced here again vide 
infra). It would appear that the applicant is arguing that essentially any 
molecule, even molecules of unknown structure, can be made without undue 
experimentation, 

AppKcants wish to address the underlined portion of the above-quoted passage from the 
Office Action. Applicants did not take the position that "essentially aftj molecule, even 
molecules of unknown structure, can be made without undue experimentation" (Office Action, 
page 2, emphasis added). Rather, Applicants argued that a person of ordinary skill in the art, 
given the present specification as a guide and the ability to modestly experiment, could make and 
use the compounds encompassed by the present claims without undue experimentation. Further, 
since the skilled person could readily discem which chemical structures fall within the claimed 
genus and which do not, there are no "molecules of unknown structure" encompassed by the 
present claims. 



Applicant : Nafizal Hossain Attorney's Docket No.: 06275-503US1 

Serial No. : 10/575,522 
Filed : April 12, 2006 
Page : 11 of 28 

Maintained Rejection under 35 U.S.C. $ 1 12, first paragraph 

Claims 1-6 and 9 remain rejected for allegedly failing to comply with the enablement 
requirement of 35 U.S.C. § 112, first paragraph. The rejection includes a number and variety of 
supporting information, such as quotations from a recent treatises on organic synthesis and 
results of a search of the Aldrich Chemical Company catalog. Applicants will therefore begin by 
summarizing some of the points and information raised throughout the rejection. 

[1] Brief Synopsis of Rejection 

[A] The rejection begins by stating, in part (Office Action, page 1 1): 

[T]he specification, while being enabling for certain compounds, does not 
reasonably provide enablement for the protracted list of compounds bearing the 
protracted list of substituents. The specification does not enable any person 
skilled in the art to which it pertains, or with which it is most nearly connected, to 
make of use the invention commensurate in scope with these claims. 

This statement is followed by a brief review of the so-called Wands (In re Wands 858 
F.2d 731) factors. 

[B] Next, the Office provides a composite reaction scheme (see Scheme 1 on page 14 
of the Office Action), which apparently is intended to show the starting materials and 
intermediates used to prepare the titie compound of Example 1 in the specification\ The Office 
then indicates that it conducted a search to determine whether some of these starting materials 
and intermediates were commercially available. It appears that this search was limited to a 
search of the Aldrich Chemical Company ("Aldrich") catalog. One of the starting materials that 
was searched was 2-(bromomethyl)-4-chloro-l-fluorobenzene, the structure of which is shown 
below: 



^ Applicants respectftilly point out that compound 6 in Scheme 1 on page 14 of the Office Action should show the 
chemical structure of /7-methoxybenzyl chloride rather than p-methoxybenzoyl chloride (i.e., the structure should 
not have a carbonyl group; see specification at page 28, lines 23-24). 
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F 




According to the Office's search results, Aldrich does not, at the present time, appear to 
sell 2-(bromomethyl)-4-chloro- 1 -fluorobenzene. 



[C] The Office Action then goes on to state: 

If such starting materials could be obtained ... it is very clear that the 

protracted list of substituents for cannot undergo the synthetic procedures 
given. Nitriles and other electrophiles will also undergo addition by Grignards 
[citation omitted]. Metal halogen exchange between a ("halo") like iodine and a 
Grignard will also occur [citation omitted]. The "alkylhalo" compounds will 
undergo metal exchange when in the presence of a Grignard (Knochel ibid.). 

Another disturbing feature of what is before the examiner, is the fact that 
is appears that no assays were performed. 

This is respectfully traversed. 



[2] The Claimed Compounds 

Claim 1 is directed to compounds having formula (I): 




Applicant : Nafizal Hossain 



Attorney's Docket No.: 06275-503US1 



Serial No. : 10/575,522 
Filed : April 12, 2006 
Page : 13 of 28 

The claims in their present (and previously presented form) require that X must be a 
bond, Y must be -0-, Z must be -CH2; q must be 1; and r"*, R^, R*^, R^ must each be a hydrogen 
atom. 

As such, the claimed compounds are required to have the following core structure 
(referred to throughout as formula (A)): 



For the convenience of the Office, the remaining permitted points of variabiUty on the 
core structure are set forth below: 
mis 0, 1, 2, 3 or 4; 

each R^ independently represents halogen, cyano, hydroxyl, 

Ci-Cgalkyl, Ci-Cghaloalkyl, Ci-Cg alkoxy or sulphonamido; 

n is 0, 1 or 2; 
2 

each R independently represents halogen or Ci-Cg alkyl; 

R^epresents «-NHC(0)R^^, -C(0)NR^^R^^ or -COOR^^^ 

g 

R represents a hydrogen or Ci-C^ alkyl group; 

t is 0, 1 or 2; and 

9 

eachR independently represents halogen, cyano, hydroxyl, carboxyl, 
Ci-Cgalkoxy, Ci-Cg alkoxycarbonyl, Ci-Cehaloalkyl, or Ci-Ce alkyl optionally 
substituted by at least one substituent selected from carboxyl and Ci-Cg alkoxycarbonyl. 




A 
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[3] The specification at page 19, line 18 through page 22, line 14 provides various 
processes for synthesizing the core structure required by the present claims (as well as the other 
core structures encompassed by the claims as originally filed). For example, the specification 
teaches that the claimed core structures can be obtained by reacting a primary amine having 
formula (II) with an epoxide having formula (III). See page 19, line 21 through page 20, line 3. 




(II) 



As another example, the claimed core structures can also be obtained, e.g., by reacting an 
epoxide of formula (IV) with a phenol of formula (V) (formulas not shown, see specification at 
page 20, lines 4-8). As a fiirther example, a process is taught for installing an amide or reverse 
amide (i.e., the substituent corresponding to R^) on the right most phenyl ring in formulas (I) and 
(A) (see specification at page 20, line 9 through page 21, line 12). 

The specification goes on to disclose that the starting materials and other reagents were, 
as of Applicants' filing date, "commercially available, known in the literature, or may be 
prepared using known techniques" (specification at page 22, lines 2-3). In addition, detailed 
synthesis information (solvents, reagents, reaction temperatures, use of protecting groups) for the 
process steps is also provided. See specification at page 21, line 17 through page 22, line 3. 

There is ample disclosure showing that the processes and guidance described above can 
be applied to the synthesis of compounds having the core structure required by the present 
claims. See, for example, the working example beginning at page 27, line 4, which shows the 
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synthesis of a representative amine of fomula (II) from a commercially available benzyl 

bromide and a commercially available cyclohexanone: 

o 




OH I CHj 



HgC^O 

CH, 



CH, 



(i) Mg strip. EtjO. THF; (ii) NaH. toluene, DMF 



See also Examples 1-5, which describe the synthesis of the following compounds: 



Example 




R3 


R8 


R9 


1 


CI 


-C(0)NHMe 


H 


OH 


2 


CI 


NHAc 


H 


F 


3 


CI 


-C(0)NHMe 


H 


H 


4 


CI 


NHAc 


H 


OH 


5 


CI 


NHAc 


Me 


OH 



As such, a person of ordinary skill in the art, using the knowledge he or she has, using the 
tools of chemistry, and guided by the Specification, could make the claimed compounds without 
undue experimentation. 



[4] Before addressing the present rejection. Applicants first wish to discuss some of 
the relevant case law pertaining to the enablement requirement of 35 U.S.C. § 1 12, first 
paragraph. 

35 U.S.C. § 112, first paragraph provides in relevant part: 

The specification shall contain a written description of the invention, and of the 
manner and process of making and using it, in such fixll, clear, concise, and exact 
terms as to enable any person skilled in the art to which it pertains, or with which 
it is most nearly coimected, to make and use the same, . . . 
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I. The law does not require that every species of a genus be shown by a working 
example (even in the so-called unpredictable arts). To require this would limit the Applicant 
merely to what he or she has already done. 



A. In fact, the Court of Customs and Patent Appeals (CCPA) in In re Robins 166 

USPQ 552, 555 (1970) held that disclosure of representative compounds of a claimed genus is 

not even a requirement of § 112 (emphasis in original): 

Both the examiner and the board seem to have taken the position that in order to 
'justify/ as the examiner said, or to 'support,' as the board said, broad generic 
language in a claim, the specification must be equally broad in its naming, and use 
in examples, of representative compounds encompassed by the claim language. 
This position, however, misapprehends the proper function of such disclosure. 
Mention of representative compounds encompassed by generic claim language 
clearly is not required by § 1 12 or any other provision of the statute. . . . 
[R]epresentative examples are not required by the statute and are not an end in 
themselves. Rather they are a means by which certain requirements of the statute 
may be satisfied. 
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B. The CCPA in In re Angstadt and Griffin 190 U.S.P.Q. 214, 218 (1976) held that 

(emphasis in original) " appellants are not required to disclose every species encompassed by 

their claims even in an unpredictable art." As the Court explained {Id. at 218, italic emphasis in 

original; bolded underline emphasis added): 

Appellants have apparently not disclosed every catalyst which will work; 
they have apparently not disclosed every catalyst which will not work. The 
question, then, is whether in an unpredictable art, section 112 requires disclosure 
of a test with every species covered by a claim. To require such a complete 
disclosure would apparently necessitate a patent application or applications with 
'thousands'^ of examples or the disclosure of 'thousands' of catalysts along with 
information as to whether each exhibits catalytic behavior resulting in the 
production of hydroperoxides. More importantly, such a requirement would force 
an inventor seeking adequate patent protection to carry out a prohibitive number 
of actual experiments. This would tend to discourage inventors from filing 
patent applications in an unpredictable area since the patent claims would 
have to be limited to those embodiments which are expressly disclosed . A 
potential infringer could readily avoid 'literal' infringement of such claims by 
merely finding another analogous catalyst complex which could be used in 
'forming hydroperoxides.' 

In Angstadt, the appealed claims were directed to methods of catalytically oxidizing 

secondary or tertiary alkylaromatic hydrocarbons to form the corresponding hydroperoxides. 

Angstadt 's methods included contacting the hydrocarbon with a complex catalyst consisting of a 

transition metal salt and a phosphoramide. The Court noted that Angstadt 's application disclosed 

"a large but finite list of transition metal salts" (Id,), but also pointed out that "Appellants have 

actually carried out 40 runs using various transition metal salts and hexaalkyl-phosphoramides" 

(M). The Court concluded (M): 

If one skilled in this art wished to make and use a transition metal salt other than 
those disclosed in appellants' 40 runs, he would merely read appellants' 
specification for directions how to make and use the catalyst complex to oxidize 
the alkylaromatic hydrocarbons, and could then determine whether 
hydroperoxides are, in fact, formed. The process discovered by appellants is not 
complicated, and there is no indication that special equipment or unusual reaction 
conditions must be provided when practicing the invention. One skilled in this art 
would merely have to substitute the correct mass of a transition metal sah for the 
transition metal salts disclosed in appellants* 40 runs. Thus, we have no basis for 
concluding that persons skilled in this art, armed with the specification and its 40 
working examples, would not easily be able to determine which catalyst 
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complexes within the scope of the claims work to produce hydroperoxides and 
which do not. 

It is further noted that the Court arrived at this conclusion even in view of the fact that 
"one of these examples yields no hydroperoxides in the final product. Also, appellants have 
expressly indicated in their specification that some of these organometallic complex catalysts 
*yield * * * no hydroperoxides in the final product'" (M). 

See also Regents of University of California v. Eli Lilly & Co, 43 USPQ2d 1398, 1406 

(Fed. Cir. 1997) (underline emphasis added): 

This is analogous to enablement of a genus under § 112, ^1 1, by showing the 
enablement of a representative number of species within the genus . See 

Angstadt, 537 F.2d at 502-03, 190 USPQ at 218 (deciding that applicants "are not 
required to disclose every species encompassed by their claims even in an 
unpredictable art" and that the disclosure of forty working examples sufficiently 
described subject matter of claims directed to a generic process); 

hi general, one can rely on the disclosure of representative compounds to satisfy the 
enablement requirement of § 112, first paragraph for a claimed genus. However, even in the 
unpredictable arts, one need not disclose every species encompassed by a genus to enable a claim 
to that genus. 

II. "Patents are written by and for skilled artisans"^ 

A. The Federal Circuit discussed the enablement requirement of 35 U.S.C. § 1 12, ^[1 
in In reBuchner 18 USPQ2d 1331, 1332 (1991) (bolded underline emphasis added, itahcs in 
original): 

kt order to be enabling under 35 U.S.C. § 1 12, a patent application must 
sufficiently disclose an invention to enable those skilled in the art to make and use 
it. The specification need not disclose what is well known in the art . 

Lindemann Maschinenfabrik GMBH v, American Hoist and Derrick Co,^ 730 F.2d 
1452, 1463, 221 USPQ 481, 489 (Fed. Cir. 1984). 



^ See Vivid Technologies, Inc, v. American Science and Engineering, Inc, 200 F.3d 795, 804, 53 USPQ2d 1289, 
1295 (Fed. Cir. 1999). 
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The quote in Buchner later points out that an applicant is permitted, under the provisions of the 
statute, to exclude from his or her Specification information that is known in the art. 

Accordingly, the fact that the specification does not disclose certain information, 
does not make a disclosure non-enabling. Evidentiary weight must be given to what was 
known in the art as of the applicants' filing date. 

B. Subsequent to Buchner, the Federal Circuit, in AK Steel v. Sollac 68 USPQ2d 

1280, 1287 (Fed. Cir. 2003)(emphasis added), considered the requirements for an enabling 

disclosure in view of In re Wands 8 USPQ2d 1400 (Fed. Cir. 1988), which is rehed upon by the 

Examiner in the 35 U.S.C. § 1 12, first paragraph rejections of record: 

The enablement requirement is satisfied when one skilled in the art, after reading 
the specification, could practice the claimed invention without undue 
experimentation. Wands, 858 F.2d at l'i6-31, ... That is not to say that the 
specification itself must necessarily describe how to make and use every 
possible variant of the claimed invention, for the artisan's knowledge of the 
prior art and routine experimentation can often fill gaps , interpolate between 
embodiments, and perhaps even extrapolate beyond the disclosed embodiments, 
depending on the predictability of the art. See Genentech, Inc. v. NordiskA/S, 
108 F.3d 1361, 1366 [42 USPQ2d 1001] (Fed. Cir. 1997) (*[A] specification need 
not disclose what is well known in the art.'); see also Wands, 858 F.2d at 736-37 
(*Enablement is not precluded by some experimentation, such as routine 
screening'). . . . The question more precisely here is whether, with AK Steel's 
patent specification as an initial guide, the hypothetical skilled artisan's 
knowledge of the surrounding art and ability to modestly experiment would have 
been sufficient to enable him to make and use a steel strip containing a Type 1 
aluminum coating, with the claimed wetting attributes at the time of the *549 
patent's effective filing date in 1986 (AK Steel at 1287). 

See also, Amgen Inc. v. Hoechst Marion Roussel Inc. 65 USPQ2d 1385, 1400 (Fed. Cir. 2003) 

(emphasis added), where the Court reasoned: 

The specification need not explicitly teach those in the art to make and use the 
invention; the requirement is satisfied if, given what they already know, the 
specification teaches those in the art enough that they can make and use the 
invention without ^undne experimentation^ [citations omitted]. 



Accordingly, the fact that a Specification does not disclose certain information does not 
make a disclosure non-enabUng. Rather, the enablement inquiry must focus on whether a person 
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of ordinary skill in the art, given his or her knowledge of the prior art and the ability to modestly 
experiment, could bridge any gaps between the breadth of the disclosure and the breadth of the 
claims. 

C. See also, S3 Inc. v. n VIDIA Corp. 59 USPQ2d 1745, 1749-50, (2001), where the 

Federal Circuit explained (bolded underline emphasis added): 

The law is clear that patent documents need not include subject matter that is 
known in the field of the invention and is in the prior art, for patents are written 
for persons experienced in the field of the invention. See Vivid Technologies, Inc. 
V. American Science and Engineering, Inc., 200 F.3d 795, 804, 53 USPQ2d 1289, 
1295 (Fed. Cir. 1999) (' patents are written by and for skilled artisans'). To 
hold otherwise would require every patent document to include a technical 
treatise for the unskilled reader . 

III. Enablement is not precluded by experimentation as long as it is routine 
experimentation and not undue experimentation. 

A. The Federal Circuit discussed the "purpose" of the enablement provision in 

Scripps Clinic & Research Foundation v. Genentech, Inc, 18 USPQ2d 1001, 1006 (2001): 

The purpose of this provision is to assure that the inventor provides sufficient 
information about the claimed invention that a person of skill in the field of the 
invention can make and use it without undue experimentation, relying on the 
patent specification and the knowledge in the art. 

See also the Federal Circuit's discussion of the purpose of the enablement requirement in 

Warner-Lambert Co. v. Teva Pharmaceuticals USA, Inc. 418 F.Sd 1326, 1336-1337 (2005) 

(underline emphasis added): 

The purpose of this requirement is to ensure that 'the public knowledge is 
enriched by the patent specification to a degree at least commensurate with the 
scope of the claims .' Nat'l Recovery Techs., Inc. v. Magnetic Separation Sys., 
Inc., 166 F.3d 1 190, 1 195-96 (Fed.Cir.1999); see also Donald S. Chisum, 3 
Chisum on Patents § 7.01 (2002). 
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The Federal Circuit in Warner-Lambert stressed that the specification must teach one 
how to make and use the claimed invention without undue experimentation (Id at 1337, 
emphasis added): 

Accordingly, we have held that the specification must provide sufficient teaching 
such that one skilled in the art could make and use the full scope of the invention 
without undue experimentation, [citations omitted] The key word is 'undue,* not 
experimentation." Wands, 858 F.2d at 737 (citation omitted). That is, the 
specification need only teach those aspects of the invention that one skilled in 
the art could not figure out without undue experimentation . See, e.g., Natl 
Recovery Techs., 166 F.3d at 1 196 ('The scope of enablement ... is that which is 
disclosed in the specification plus the scope of what would be known to one of 
ordinary skill in the art without undue experimentation.'); Wands, 858 F.2d at 
736-37 ('Enablement is not precluded by the necessity for some experimentation 
such as routine screening. '). 

It is well settled that enablement is not precluded by experimentation. Li other words, the 
enablement inquiry does not tum on whether experimentation may be needed to practice the 
claimed invention. Rather, the enablement inquiry tums on whether the amount of 
experimentation needed to practice the claimed invention is undue. See, e.g., In re Angstadt and 
Griffin, 190 USPQ 219 ("The keyword is 'undue' and not 'experimentation.'"). 

B. The amount of experimentation can even be considerable, provided that it is 

routine and not undue. See, e.g., Johns Hopkins University v. Cellpro, Inc. M USPQ2d 1705, 

1719 (Fed. Cir. 1998): 

Such routine experimentation does not constitute undue experimentation: 
The test [for undue experimentation] is not merely quantitative, since a 
considerable amount of experimentation is permissible, if it is merely routine, or 
if the specification in question provides a reasonable amount of guidance with 
respect to the direction in which the experimentation should proceed to enable the 
determination of how to practice a desired embodiment of the claimed invention.' 
[citations omitted]. 

See also, e.g.. In re Wands 8 USPQ2d 1400, 1404 (Fed. Cir. 1988, emphasis added) 
('Enablement is not precluded by some experimentation, such as routine screening '). 
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[5] The Federal Circuit inln re Wright 27 USPQ2d 1510, 1513 (1993) discussed the 
requirements for rejecting a claim under the enablement requirement of 35 U.S.C. § 1 12, first 
paragraph: 

When rejecting a claim under the enablement requirement of section 112, the 
PTO bears an initial burden of setting forth a reasonable explanation as to why it 
believes that the scope of protection provided by that claim is not adequately 
enabled by the description of the invention provided in the specification of the 
application; this includes, of course, providing sufficient reasons for doubting any 
assertions in the specification as to the scope of enablement. 

Applicants submit that the Office has not met this burden for any of the following 
independent reasons. 

[6] The rejection appears to ignore the fact that the enablement inquiry must focus on 
whether a person of ordinary skill in the art, given his or her knowledge of the prior art and 
the ability to modestly experiment could bridge any gaps between the breadth of the 
disclosure and the breadth of the claims. 

[A] The present claims are directed to compounds that all share common and 
substantial structural attributes- they are all required to have the same core structure (see 
formula (A) supra), and the specification provides ample guidance and direction for making this 
core structure and hence the claimed compounds {vide supra). 

The Office's apparent concern regarding the (commercial) availability of 2- 
(bromomethyl)-4-chloro-l-fluorobenzene fi*om Aldrich ("[m]ost disturbingly, we do not find the 
5-chloro derivative which is required to synthesize all of the compounds that were actually 
made." Office Action, page 18) is misplaced for any one of the following independent reasons. 

First, there is no legal requirement (or requirement in the specification or claims) that the 
claimed compounds must be made from commercially available starting materials. 

Second, the compound in question was indeed commercially available as of Applicants' 
filing date. 

Third, the Office's search was limited to only one vendor (Aldrich). The fact that the 
compound in question was not available from Aldrich would not have led the skilled artisan to 
reasonably conclude that the compound was not commercially available (or otherwise 
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unavailable by other means, such as conventional organic synthesis). In fact, Applicants were 
able to locate eleven current commercial suppliers of 2-(bromomethyl)-4-chloro-l-fluorobenzene 
by searching the ChemACX database provided by CambridgeSoft. 

Finally, according to the Office, Aldrich does in fact sell (at least) fourteen 2- 
(bromomethyl)-l-fluorobenzenes that could be used to prepare some of the claimed compounds 
(see the chemical structures delineated on pages 15-18 of the Office Action). Thus, if anything, 
the Office's search results weigh on the side of Applicants' disclosure being enabling, 

[B] Applicants now tum to the Office's comments summarized in paragraph [1], [C] 
above, namely: 

If such starting materials could be obtained ... it is very clear that the 
protracted list of substituents for cannot undergo the synthetic procedures 
given. Nitriles and other electrophiles will also undergo addition by Grignards 
[citation omitted]. Metal halogen exchange between a ('*halo") like iodine and a 
Grignard will also occur [citation omitted]. The "alkylhalo" compounds will 
undergo metal exchange when in the presence of a Grignard (Knochel ibid.). 

Another disturbing feature of what is before the examiner, is the fact that 
is appears that no assays were performed. 

The specification states that "certain protecting groups . . . may need to be protected by 
protecting groups" (specification at page 22, lines 5-13). The skilled artisan would recognize 
that the issues raised above (if in fact they presented themselves) could be addressed, for 
example, by the use of protecting groups as taught by the specification. The skilled artisan 
would also recognize that a desired functional group could also be introduced at a different stage 
in the synthesis so as to avoid being exposed to potentially incompatible reaction conditions. 
Protection and deprotection of functional groups and functional group manipulation were within 
with the skill of the art as of Applicants' filing date and, at most, fall within the purview of 
routine experimentation, which does not preclude patentability. Moreover, The fact that the 
specification does not disclose such known (and arguably well known) methods and materials 
does not make Applicants' disclosure non-enabling. See S3 Ina v. nVIDIA Corp, 59 USPQ2d 
1745, 1749-50, (2001): 
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('[PJatents are written by and for skilled artisans'). To hold otherwise would 
require every patent document to include a technical treatise for the unskilled 
reader. 

That being said, even if one or more of the claimed compounds could not be prepared 
(and Applicants do not concede that this is the case here), that does not render the claims 
unpatentable. The claims need not exclude inoperative embodiments. As the Federal Circuit 
explained in Atlas Powder Co, v. E. L Du Pont De Nemours & Co, 224 USPQ 409 (Fed. Cir. 
1984): 

Even if some of the claimed combinations were inoperative, the 
claims are not necessarily invalid. Tt is not a function of the 
claims to specifically exclude . . . possible inoperative 
substances. . Atlas Powder at 414. 

Finally, there is no legal requirement that the specification include biological data for the 
claimed compounds (in fact, there is no legal requirement that the specification provide working 
examples at all). 

[7] The Office also appears to have taken the position that Applicants have enabled 

only those compounds that they have expressly disclosed and reduced to practice. This is 

evidenced by the above-quoted passages from the present Office Action, e.g., at page 1 1 : 

[T]he specification, while being enabling for certain compounds, does not 
reasonably provide enablement for the protracted list of compounds bearing the 
protracted list of substituents. 

This is respectfully traversed. First, as discussed elsewhere, to enable a claim to a genus, 
one need not disclose and test every species encompassed by the genus, even in the so-called 
unpredictable arts. To require as such would limit the Applicants merely to what he or she has 
already done. Again, this is not the law. See, e.g,, In re Angstadt, 190 USPQ 214, (CCPA 
1976). See also MPEP § 2164.02: ''[b]ut because only an enabling disclosure is required, 
applicant need not describe all actual embodiments." Put simply, the law provides that one can 
enable a genus under § 1 12, f 1, by showing the enablement of a representative number of 
species within the genus. 
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Finally, the enablement requirement also serves to advance the art to which the invention 
pertains. Applicants have provided the art with, inter alia, the knowledge that the claimed 
compounds modulate chemokine receptor activity. How is the art significantly or even 
incrementally benefited by requiring the Applicants to make and test additional compounds? 
Again, to require as such is effectively restricting the Applicants to claim only what they have 
done. This is unreasonable and is certainly not the law. 

In summary, a person of ordinary skill in the art, using the knowledge he or she has, 
using the tools of chemistry, and guided by the Specification, could make the claimed 
compounds without undue experimentation. 

In view of the foregoing, Applicants respectfully request that the 35 U.S.C. § 1 12, first 
paragraph rejection be reconsidered and withdrawn. 

Rejections on the ground of nonstatutory obviousness-tvpe double patenting 

[1] Claims 1-7 and 9 are rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claims 1-8 and 10 of USSN 10/579,545 "in view of 
Xue et al. U.S. Pre-Grant Publication 2006/0252751" (Office Action, page 5). 

Claims 1-7 and 9 are rejected on the ground of nonstatutory obviousness-type double 
patenting as being unpatentable over claims 1-10 and 12 of USSN 10/581,171 "in view of Xue et 
al. U.S. Pre-Grant Publication 2006/0252751" (Office Action, page 9). 

Claims 1-7 and 9 are rejected on the ground of nonstatutory obviousness-type double 
patenting as being unpatentable over claims 1-10, 12, and 14 of USSN 10/583,468 "in view of 
Xue et al. U.S. Pre-Grant Publication 2006/0252751" (Office Action, page 9). 

Claims 1-7 and 9 are rejected on the ground of nonstatutory obviousness-type double 
patenting as being unpatentable over claims 1-9 and 13 of USSN 10/520,699 "in view of Xue et 
al U.S. Pre-Grant Publication 2006/0252751" (Office Action, pages 9-10). 

This is respectfiiUy traversed. 
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[2] The Federal Circuit discussed the requirements for establishing a prima facie case 
of obviousness for a claimed chemical compound in Takeda Chemical Industries, Ltd. v. 
Alphapharm Pty,, Ltd, 492 F.3d 1350, 135x (emphasis added): 

Our case law conceming prima facie obviousness of structurally similar 
compounds is well-established. We have held that "structural similarity between 
claimed and prior art subject matter, proved by combining references or 
otherwise, where the prior art gives reason or motivation to make the claimed 
compositions, creates a prima facie case of obviousness." Dillon, 919 F.2d at 692. 
In addition to structural similarity between the compounds, a prima facie case of 
obviousness also requires a showing of "adequate support in the prior art" for the 
change in structure. In re Grabiak, 769 F.2d 729, 731-32 (Fed.Cir.1985). 

We elaborated on this requirement in the case of In re Deuel, 5 1 F.3d 
1552, 1558 (Fed.Cir.1995), where we stated that "[n]ormally a prima facie case of 
obviousness is based upon structural similarity, i.e., an established structural 
relationship between a prior art compound and the claimed compound." That is so 
because close or established "[s]tructural relationships may provide the requisite 
motivation or suggestion to modify known compounds to obtain new 
compounds." Id. A known compound may suggest its homolog, analog, or isomer 
because such compounds "often have similar properties and therefore chemists of 
ordinary skill would ordinarily contemplate making them to try to obtain 
compounds with improved properties." Id, We clarified, however, that in order to 
find a prima facie case of unpatentability in such instances, a showing that the 
"prior art would have suggested making the specific molecular modifications 
necessary to achieve the claimed invention" was also required. Id, (citing In re 
Jones, 958 F.2d 347 (Fed.Cir.1992); Dillon, 919 F.2d 6S8;Grabiak, 769 F.2d 729; 
In reLalu, 747 F.2d 703 (Fed.Cir.1984)). 

[5] That test for prima facie obviousness for chemical compounds is 
consistent with the legal principles enunciated in KSR,^ While the KSR Court 
rejected a rigid apphcation of the teaching, suggestion, or motivation ("TSM") 
test in an obviousness inquiry, the Court acknowledged the importance of 
identifying reason that would have prompted a person of ordinary skill in 
the relevant field to combine the elements in the way the claimed new 
invention does'^ in an obviousness determination . KSR, 127 S.Ct. at 1731. 
Moreover, the Court indicated that there is "no necessary inconsistency between 
the idea underlying the TSM test and the Graham analysis." Id. As long as the test 
is not applied as a "rigid and mandatory" formula, that test can provide "helpful 
insight" to an obviousness inquiry. Id. Thus, in cases involving new chemical 
compounds, it remains necessary to identify some reason that would have led 
a chemist to modify a known compound in a particular manner to establish 
prima facie obviousness of a new claimed compound . 
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[3 J The skilled artisan reading the claims of any of the foregoing applications (alone 
or in combination with Xue et al.) would not have been led to modify the claims of any of the 
foregoing applications in the manner needed to arrive at the presently claimed compoimds. 
Indeed, the necessary modifications are precluded by (and therefore not even encompassed by) 
the claims of any of the foregoing applications. In view of the foregoing, Applicants respectfully 
request withdrawal of the rejection. 

[4] Claims 1-7 and 9 are rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claims 1-7, 9, and 1 1 of USSN 1 1/744,659 (Office 
Action, page 10). 

Claims 1-7 and 9 are rejected on the ground of nonstatutory obviousness-type double 
patenting as being unpatentable over claims 1-7, 9, and 1 1 of USSN 1 1/744,677 (Office Action, 
page 10). 

This is respectfully traversed. 

Each of USSN 1 1/744,659 and USSN 1 1/744,677 is a divisional ^plication that claims 
priority to the present application. Moreover, the presently pending claims in both USSN 
1 1/744,659 and USSN 1 1/744,677 are directed to subject matter that: (i) was subject to 
restriction by the Office in the present application; and (ii) was not elected by Applicants for 
prosecution in the present application (i.e., withdrawn subject matter). As such, both 
applications should be shielded from obviousness-type double patenting by the safe harbor 
provided by 35 U.S.C. § 121. Applicants therefore request fiirther clarification as to how In re 
Schneller supercedes this provision of 35 U.S.C. § 121. 
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earned patent term adjustment. See 37 CFR 1 .704(b). 

Status 

1)S Responsive to communlcatlon{s) filed on 30ADhl2007 . 
2a)n This action is FINAL. 2b)S This action is non-final. 

3) n Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under.Ex.parte Quayle, 1935 CD. 11 ,.453 O.G. 213. 

Disposition of Claims 

4) 13 Claim(s) 1-10 and 12-18 is/are pending in the application. 

4a) Of the above claim(s) 8,10 and 12-18 is/are withdrawn from consideration. 

5) n Claim(s) is/are allowed. 

6) S Claim(s) 1-7 and 9 is/are rejected. 
?)□ Claim(s) is/are objected to. 

8) n Claim(s) are subject to restriction and/or election requirement 

Application Papers 

9) 0 The specification is objected to by the Examiner. 

10)0 The drawing{s) filed on is/are: a)[3 accepted or b)n objected to by the Examiner 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 
Replacement drawing sheet(s) including the confection Is required if the drawtng(s) is objected to. See 37 CFR 1.121(d). 

1 1 )□ The oath or declaration is objected to by the Examiner Note the attached Office Action or fomi PTO-1 52. 

Priority under 35 U.S.C. § 1 19 

12)S Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 
a)S All b)n Some * 0)0 None of: 

1 Certified copies of the priority documents have been received. 

2.n Certified copies of the priority documents have been received in Application No. . 



3.n Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 
See the attached detailed Office action for a list of the certified copies not received. 
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3) S Information Disclosure Statement(s) (PTO/SB/08) 5) U Notice of Infomial Patent Application 
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DETAILED ACTION 

1 . Claims 1-1 0, 12-1 8 are pending In the current application, 

2. This is a National Stage of PCT/SE2004/001476. filed October 14, 2004, which 
claims priority to Swedish Application Serial No. 0302755-4, filed October 17, 2003. 

Applicants Response to ResMction^lection 

3. Applicant's election without traverse of Group I in the reply filed on April 30, 2007 
is acknowledged. 

Group I, Claims 1-7, 9 drawn to compounds and compositions possessing a spirocyclic 
benzofuran-cycohexyl core, where in applicant's Markush structure of Formula I X is a 
bond, Y is O, Z is CHa, q is 1 , R2=R4=R5=R6=R7=H shown as structure I in Figure 1 . 

This requirement is made final. In the event of rejoinder, the requirement for restriction 

between the product claims and the rejoined process claims will be withdrawn, and the 

rejoined process claims will be fully examined for patentability in accordance with 37 

CFR 1.104. Thus, to be allowable, the rejoined claims must meet all criteria for 

patentability including the requirements of 35 U.S.C. 101, 102, 103 and 112. Until all 

claims to the elected product are found allowable, an othenvise proper restriction 

requirement between product claims and process claims may be maintained. Withdrawn 

process claims that are not commensurate in scope with an allowable product claim will 

not be rejoined. See MPEP § 821.04(b). See "Guidance on Treatment of Product and 

Process Claims in light of In re Ochiai; In re Brouwer and 35 U.S.C. §103(b)," 1 184 O.G. 

86 (March 26, 1996). Additionally, In order to retain the right to rejoinder in accordance 

with the above policy, applicant is advised that the process claims should be amended 
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during prosecution to require the limitations of the product claims. Applicants are 
reminded of propriety of process of use claims in consideration of the "reach-through" 
format, which is drawn to mechanistic, receptor binding or enzymatic functionality. 
Reach-through claims are considered lacking, of descriptive and enabling support from 
the specification. Thus, rejoinable process of use claims are those with particular 
disease named with efficacy support from the specification for treating the particular 
disease. This application contains -claims drawn to an invention nonelected without 
traverse in the reply filed on April 30, 2007. A complete reply to this rejection must 
include cancellation of nonelected claims or other appropriate action 

Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

4, Claims 1-7, 9 are rejected under 35 U.S^C. 103(a) as being unpatentable over 
Xue et. al. U.S. Pre-Grant Publication 2006/0252751 and Hossain, Nafizal; 
Ivanova, Svetlana; Mensonides-Harsema, Marguerite U.S. Pre-Grant Publication US 
2005/0245741 A1. The factual inquiries set forth in Graham John Deere Co., 
383 U.S. 1, 148 USPQ459 (1966), that are applied for establishing a background for 
determining obviousness under 35 U.S.C. 103(a) are summarized as follows: 
Determination of the scope and content of the prior art 
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(MPEP 2141.01) 

Xue et. ai. teaches spiro[benzofuran-2,1'-cyclohexan]-4'-amines that are chemokine 
antagonists. Hossain, Nafizal; Ivanova, Svetlana & Mensonides-IHarsema, IVIarguerite 
teach spjro[benzofuran-2,4'-piperidlnes. bearing a 1rphenoxy-3-propan-2-ol substituent 
on the piperidinyl nitrogen atom. This relationship is illustrated graphically in Figure 1 . 





HO o 



NH OH 




Instant case 



N 



U.S. Application 10/520,699 




OR 



Xue eL al. 

Figure 1. Structures of compounds that form the basis of the obviousness 
rejection as compared to the Instant invention. 



Some of the compounds disclosed by Xue are show below: 

Registry #1709018^09-7 
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Registry*: 709019-00-1 



o 




Ascertainment of the difference between the prior art and the claims 

(MPEP2141.02) 

Hossain, Nafizal; Ivanova, Svetlana & Mensonides-Harsema, Marguerite do not 
expressly teach tlie compounds of the instant case, however the only difference 
between these compounds is the presence of a methylene group. By inserting a what is 
fomriaily a methylene (CH2 actually CH in the ring and H on N) into the compounds of 
Hossain, Nafizal; Ivanova, Svetlana & Mensonides-Harsema, Marguerite a 
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spiro[benzofuran-2,1'-cyclohexan]-4'-amine is produced, which is a core 
pharmacophore of chemokine antagonism. These relationships are illustrated 
graphically in Figure 2. 




Figure 2. The differences between the compounds of the 
instant case and those of the prior art. 

Finding of prima facie obviousness 

Rational and Motivation 
(liUPEP 2142-2143) 

It would have been obvious to one of ordinary skill in the art at the time the claimed 
invention was made to prepare the compounds of the instant case. The compounds of 
the claims at hand are analogs of old compounds. One of ordinary skill would be 
motivated to make the compounds of the invention because he would expect the 
compounds to have similar properties, indeed we see that these compounds have the 
same properties. A reference is good not only for what it teadhes by direct anticipation 
but also for what one of ordinary skill in the art might reasonably infer from the 
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teachings. (In re Opprecht 12 USPQ 2d 1235, 1236 (Fed Cir. 1989); In re Bode 193 
USPQ 12 (CCPA) 1976). In light of the forgoing discussion, the Examiner concludes 
that the subject matter defined by the instant claims would have been obvious within the 
meaning of 35 USC 103(a). From the teachings of the references, it is apparent that 
one of ordinary skill in the art would have had a reasonable expectation of success in 
producing the claimed invention. Therefore, the invention as a whole was prima facie 
obvious to one of ordinary skill in the art at the time the invention was made, as 
evidenced by the references, especially in the absence of evidence to the contrary. In 
re Grabiak 226 USPQ 870. "[w]hen chemical compounds have "very close" structural 
similarities and similar utilities, without more a prima facie case may be made". In re 
Deuel 34 USPQ2d 1210, "a known compound may suggest its analogs or isomers, 
either geometric isomers (c/s v. trans) or position isomers (emphasis added) {e.g. oriho 
V. paray. 



Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory 
obviousness-type double patenting rejection is appropriate where the conflicting claims 
are not identical, but at least one examined application claim is not patentably distinct 
from the reference claim(s) because the examined application claim is either anticipated 
by, or would have been obvious over, the reference claim(s). See. e.g., In re Berg, 140 
F.3d 1428, 46 USPQ2d 1226 (Fed, Cir. 1998); In re Goodman, 11 F.3d 1046, 29 
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 
1985); In re Van Ornum, 686 F.2d 937. 214 USPQ 761 (CCPA 1982); In re Vogel, 422 
F.2d 438. 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
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double patenting ground provided the conflicting application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. 

Effective January 1 , 1994, a registered attorney or agent of record may sign a 
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 
37 CFR 3.73(b). 

5. Claims 1-7, 9 are provisionally rejected on the ground of nonstatutory 
obviousness-type double patenting as being unpatentable over claims 1-8, 10 of 
copending Application No. 10/579,545 in view of Xue et. al. U.S. Pre-Grant Publication 
2006/0252751 . The analysis applied in this action at 4 applies here. 

This is a provisional obviousness-type double patenting rejection. 

6. Claims 1-7, 9 are provisionally rejected on the ground of nonstatutory 
obviousness-type double patenting as being unpatentable over claims 1-10, 12 of 
copending Application No. 10/581,171 in view of Xue et. al. U.S. Pre-Grant Publication 
2006/0252751. The analysis applied in this action at 4 applies here. This is a 
provisional obviousness-type double patenting rejection^. 

7. Claims 1-7, 9 are provisionally rejected on the ground of nonstatutory 
obviousness-type double patenting as being unpatentable over claims 1-10, 12, 14 of 
copending Application No. 10/583,468 in view of Xue et. al. U.S. Pre-Grant Publication 
2006/0252751 . The analysis applied in this action at 4 applies here. Although claim 9 is 
apparently a claim for "a claim". 

8. Claims 1-7, 9 are provisionally rejected on the ground of nonstatutory 
obviousness-type double patenting as being unpatentable over claims 1-9, 13 of 
copending Application No. 10/520,699 in view of Xue et. al. V.S. Pre-Grant Publication 
2006/0252751 . The analysis applied in this action at 4 applies here. 
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This is a provisional obviousness-type double patenting rejection. 

9. Claims 1-7, 9 are provisionally rejected on the ground of nonstatutory double 
patenting over claim 1-7, 9, 11 of commonly assigned copending Application No, 
11/744,659. This is a provisional double patenting rejection since the conflicting claims 
have not yet been patented. 

The subject matter claimed in the instant application is fully disclosed in the 
referenced copending application and would be covered by any patent granted on that 
copending application since the referenced copending application and the instant 
application are claiming common subject matter, as follows: The copending application 
is drawn to the same compounds as those of the instant case. 

Furthermore, there is no apparent reason why applicant would be prevented from 
presenting claims corresponding to those of the instant application in the other 
copending application. See In re Schnellen 397 F.2d350, 158 USPQ210 (CCPA 
1968). See also MPEP § 804. 

10. Claims 1-7, 9 are provisionally rejected on the ground of nonstatutory double 
patenting over claims 1-7, 9, 11 of commonly assigned copending Application No. 
1 1/744,677. This is a provisional double patenting rejection since the conflicting claims 
have not yet been patented. 

The subject matter claimed in the instant application is fully disclosed in the 
referenced copending application and would be covered by any patent granted on that 
copending application since the referenced copending application and the instant 
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application are claiming common subject matter, as follows: The copending application 
Is drawn to the same compounds as those of the Instant case. 

Furthermore, there is no apparent reason why applicant would be prevented from 
presenting claims corresponding to those of the instant application in the other 
copending application. See In re Schneller, 397 F.2d 350, 158 USPQ210 (CCPA 
1968). See also MPEP § 804. 

Claim Rejections - 35 USC § 112 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The speciffcation shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

7. Claims 1-7, 9 are rejected under 35 U.S.C. 112, first paragraph, because the 
specification, while being enabling for certain compounds, does not reasonably provide 
enablement for the protracted list of compounds bearing the protracted list of 
substituents. The specification does not enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make or use the invention 
commensurate in scope with these claims. There are many factors to be considered 
when detemiining whether there is sufficient evidence to support a determination that a 
disclosure does not satisfy the enablement requirement and whether any necessary 
experimentation is "undue." These factors include, but are not limited to the following: 

(A) The breadth of the claims; 

(B) The nature of the invention; 

(C) The state of the prior art; 
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(D) The level of one of ordinary skill; 

(E) The level of predictability in the art; 

(F) The amount of direction provided by the inventor; 

(G) The existence of working examples; and 

(H) The quantity of experimentation needed to malce or use the invention 
In re Wands, 858 F.2d 731, 737, 8 USPQ2d 1400, 1404 (Fed. Cir. 1988). 

(A) The breadth of the clainns: The claims are very broad encompassing a variety of 

compounds, bearing multiple substitutions (B) The nature of the invention: This is a 

chemical invention requiring the synthesis of compounds. (D) The level of one of 

ordinary skill: One of ordinary skill is a practicing organic chemist (C) The state of 

the prior art: Little prior art exists on these complex compounds, however the synthesis 

will be evaluated on what is known using scientific principles. (E) The level of 

predictability in the art: Chemistry Is unpredictable. See In Re Marzocchi and Norton 

169 USPQ at 367 paragraph 3. As stated in the preface to a recent treatise: 

"Most non-chemists would probably be horrified if they were to 
learn how many attempted syntheses fail, and how inefficient 
research chemists are. The ratio of successftil to unsuccessful 
chemical experiments in a normal research laboratory is far 
below unity, and synthetic research chemists, in the same way 
as most scientists, spend most of their time working out what 
went wrong, and why. Despite the many pitfalls lurking in 
organic synthesis, most organic chemistry textbooks and 
research articles do give the impression that organic reactions 
just proceed smoothly and that the total synthesis of complex 
natural products, for instance, is maybe a labor-intensive but 
otherwise undemanding task. In fact, most syntheses of 
structurally complex natural products are the resylt of several 
years of hard work by a team of chemists, with almost every 
step requiring careful optimization. The final synthesis usually 
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looks quite different from that originally planned, because of 
unexpected difficulties encountered in the initially chosen 
synthetic sequence. Only the seasoned practitioner who has 
experienced for himself the many failures and frustrations which 
the development (sometimes even the repetition) of a synthesis 

usually implies will be able to appraise such work Chemists 

tend not to publish negative results, because these are, as 
opposed to positive results, never definite (and far too 

copious) " Dopwald F; A. Side Reactions in 

Organic Synthesis. 2005, Wiley: VCH, Weinheim IX Preface. 

(F) The amount of direction provided by the inventor, (G) The existence of 
worthing examples, and (H) The quantity of experimentation needed to malce or 
use the invention: The examiner will first consider the Markush structure I of claim 1, 
and discuss the limitations inherent to the paucity of available starting materials, as well 
as the inherent limitations of the chemistry used to prepare the examples. As per 
MPEP: 

AsperMPEP: 

A key issue that can arise when determining whether the specification is enabling 
is whether the starting materials or apparatus necessary to make the invention 
are available. In the biotechnical area, this is often true when the product or 
process requires a particular strain of microorganism and when the 
microorganism is available only after extensive screening. The Court in In re 
Ghiron. 442 F.2d 985. 991 , 169 USPQ 723, 727 (CCPA 1971), made clear that ff 
the practice of a method requires a particular apparatus, the applipation must 
provide a sufficient disclosure of the apparatus if the apparatus is not readily 
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available. The same can be said if certain chemicals are required to make a 
compound or practice a chemical process. In re Howarth, 654 F.2d 103, 105, 210 
USPQ 689, 691 (CCPA 1981). 

The synthetic route and starting materials that the applicant has provided to make the 
scope of this invention has been reproduced below as Schemel: 




Scheme 1 . The chemistry relied on to construct applicant's compounds. 
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The key materials here are the a-bromo-2-fluoro-toluene derivative 1, the N-Boc- 
4-amino cylcohexanone 2, phenols such as 8 bearing amide groups, and glycidols 9. A 
search for each of these materials in the Aldrich Chemical Company catalog (St. Louis, 
MO) was conducted, the reulsts of which are reproduced below: 
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Most disturbingly we do not find the 5-cliloro derivative which is required to synthesize 
all of the compounds that were actually made. We can see that Ri can be nothing but 
fluoro, trifluormethyl or chloro. 
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No such cyclohexanones appear to be commercially available. While many phenols 



is required for activity, based on the fact that applicant has no examples of compounds 
that are not amides (in the ortho position) and the fact that Xue et. al. (supra) require the 
amide moiety for antagonism. To the examiners knowledge only one nosylglycidol, 
namely compound 9, is commercial. Substituents should be limited to lower alkyl. 

According to the U.S. Court of Customs and Patent Appeals in in re Argoudelis, 
De Boer, Eble, and Hen- 168 USPQ 99 at 101, "[o]rdinarily no problem in this regard 
arises since the method of preparing almost all starting materials can be set forth in 
writing if the materials are not already known and available to the workers in the art, and 
when this is done the specification is enabling to the public". In re Argoudelis, De Boer, 
Eble. and Henr 168 USPQ 99 at 104, "it Is essential that there be no question that, at the 
tinm an application for patent is filed, (emphasis in original) the invention claimed 
therein is fully capable of being reduced to practice (i.e., that no technological problems, 
the resolution of which would require more than ordinary skill and reasonable time, 
remain in order to obtain an operative, useful embodiment)." That is not the situation 
here. Rather we find no direction as to how the many required staring materials of 
formula 1, 2, 8, and 9 are to be obtained. Where may the directions to prepare or buy 
them be found? 



such as 8 are commercial, it would appear that the amide functionality (reverse as well) 
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In re Howarth, 210 USPQ 689, (claimed derivatives of clavulanic acid not 
enabled by specification lacking infonnation of how prepare the clavulanic acid or 
directions to reference materials containing such information), Ex parte Schwarze 151 
USPQ 426 (where starting material . is not known to art as of date of filing application, 
there must be included a description of preparation thereof to enable one skilled in this 
art to carry out applicant's invention), Ex parte Moersch 104 USPQ 122 (claims to 
process for the production of (1)^y1-p-nitrophenyl-2-dichloracetamindo-propane-1,3-diol 
not enabled because of failure to describe source or method of obtaining starting 
compound; although starting compound is identified by means of appropriate name and 
by structural fonnula). Genetech Inc Vs Nova Nordisk 42 USPQ 2d 1001 "A patent is 
not a hunting license. It is not a reward for search but compensation for its successful 
conclusion and patent protection is granted in return for an enabling disclosure of an 
invention, not for vague intimations of general ideas that may or may not be workable." 
For guidelines on the relationship of working examples and the size of claimed genus 
see the MPEP 2164: 

WORKING EXAMPLES AND A CLAIMED GENUS For a claimed genus, representative 
examples together with a statement applicable to the genus as a whole will ordinarily be 
sufficient if one skilled in the art (in view of level of skill, state of the art and the information in 
the specification) would expect the claimed genus could be used' in that manner without undue 
experimentation. Proof of enablement will be required for other members of the claimed genus 
only where adequate reasons are advanced by the examiner to establish that a person skilled in 
the art could not use the genus as a whole without undue experimentation. 
2164.03 Relationship of Predictability of 
the Art and the Enablement Requirement 

[R-2] The amount of guidance or direction needed to enable the invention is inversely related 
to the amount of knowledge in the state of the art as well as the predictability in the art. In re 
Fisher, 427 F.2d 833. 839,166 USPQ 18, 24 (CCPA 1970). The "amount of guidance or 
direction" refers to that information in the application, as originally filed, that teaches exactly how 
to make or use the invention. The more that is known in the prior art about the nature of the 
invention, how to make, and how to use the invention, and the more predictable the art is, tiie 
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less information needs to be explicitly stated in the specification. In contrast, if little is known in 
the prior art about the nature of the invention and the art is unpredictable, the specificdtion 
would need more detail as to how to make and use the invention in order to be enabling. >See, 
e.g., Chiron Corp. v. Genentech Inc., 363 F.3d 1247, 1254. 70 USPQ2d 1321, 1326 (Fed. Cir. 
2004) ("Nascent technology, however, must be enabled with a 'specific and useful teaching.' 
The law requires an enabling disclosure for nascent technology because a person of ordinary 
skill in the art has little or no knowledge independent from the patentee's instruction. Thus, the 
public's end of the bargain struck by the patent system is a full enabling disclosure of the 
claimed technology." (citations omitted)).< The "predictability or lack thereof in the art refers to 
the ability of one skilled in the art to extrapolate the disclosed or known results to the claimed 
invention. If one skilled in the art can readily anticipate the effect of a change within the subject 
matter to which the claimed invention pertains, then there is predictability in the art. On the other 
hand, if one skilled in the art cannot readily anticipate the effect of a change within the subject 
matter to which that claimed invention, pertains, ihen. there is lack- of . predictability in the art. 
Accordingly, what is known in the art provides evidence as to the question of predictability. In 
particular, the court in In re Marzocchi, 439 F.2d 220, 223-24. 169 USPQ 367, 369-70 (CCPA 
1971). stated: 

[f]n the field of chemistry generally, there may be 
times when the well-known unpredictability of chemical 
reactions will alone be enough to create a reasonable 
doubt as to the accuracy of a particular broad statement 
put fon/vard as enabling support for a claim. This will 
especially be the case where the statement Is, on Its face, 
contrary to generally accepted scientific principles. Most 
often, additional factors, such as the teachings in pertinent 
references, will be available to substantiate any doubts 
that the asserted scope of objective enablement is in fact 
commensurate with the scope of protection sought and to 
support any demands based thereon for proof. [Footnote 
omitted.] 

The scope of the required enablement varies inversely with the degree of predictability involved, 
but even in unpredictable arts, a disclosure of every operable species is not required. A single 
embodiment may provide broad enablement in cases involving predictable factors, such as 
mechanical or electrical elements. In re Vickers, 141 F.2d 522, 526-27, 61 USPQ122. 127 
(CCPA 1944); In re Cook, 439 F.2d 730,734, 169 USPQ 298, 301 (CCPA 1971). However, in 
applications directed to inventions in arts where the results are unpredictable, the disclosure of 
a single species usually does not provide an adequate basis to support generic claims. In re 
Soli, 97 F.2d 623, 624. 38 USPQ 189, 191 (CCPA 1938). In cases involving unpredictable 
factors, such as most chemical reactions and physiological activity more may be required. Inre 
Fishen 427 F.2d 833, 839, 166 USPQ 18, 24 (CCPA 1970) (contrasting mechanical and 
electrical elements with chemical reactions and physiological activity). See also In re Wright, 
999 F.2d 1557, 1562, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993); In re Vaeck, 947 R2d 488, 496, 
20 USPQ2d 1438, 1445 (Fed. Cir. 1991). This is because it is not obvious from the disclosure of 
one species, what other species will work. 

If such starting materials could be obtained compounds could be obtained it is very 
clear that the protracted list of substituents for cannot undergo the synthetic 
procedures given. Nitrites and other electrophiles will also undergo addition by 
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Grignards (Jie Jack Li Name Reactions A Collection of Detailed Reaction Mechanisms 
"Grignard Reaction" Third Expanded Edition Springer 2006, pg. 271-272. Metal 
halogen exchange between a ("halo") like iodine and a Grignard will also occur (Knochel 
et. al. Angew. Chem. Int. Ed. 2003, 42, 4302.-4320). The "alkylhalo" compounds will 
undergo metal halogen exchange when in the presence of a Grignard (Knochel ibid.). 

Another disturbing feature of what is before the examiner, is the fact that it 
appears that no assays were performed. These compounds may perform in this assay 
however this has not been asserted. There is no support in the specification for the use 
of these compounds as chemokine antagonists. While applicant states on pg. 40 
"Compounds are evaluated by their ability to depress the chemotactic response to a 
standard concentration of M1P-1a chemokine." No evidence is given that these 
compounds actually were shown to have this activity. Given that similar compounds 
have the activity we can assume they have this activity (supra). The assumption that a 
chemokine receptor is involved may be inconrect, given that agonism at other GPCRs 
(S-opiod receptors for instance), can lead to down regulation of chemokine receptors via 
heterodimers or higher oligomer complex formation (Chen et. al. European Journal of 
Phamiacology 2004, 483, 175-186.). The complete receptor profile of THP-1 cells is 
not known. Applicant may consider a binding assay as in Carroll et. al. WO 00/014086 
cited by applicant ref. AG pg. 34: 
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The activities of test compounds are reported in the 
10 Table below as ICso values or the inhibitor concentration 
required for 50% inhibition of specific binding in receptor 
binding assays using "h-RJaJTBS or "''MlP-ia as ligand and 
THP-l cell roembranea. Specific binding is defined as the 
total binding minus the non-specific binding; non-specific 
15 binding is the amount of cpm still detected in the presence 
of excess xmlabeled Rantes or MlP-la* 



or Bondinell et al. WO 01/64213 Al pg. 23-25 cited by applicant refr AH - 

25 Biological Ihaa: 

figj^? Raptor B^m Assay 

CHO cell membranes (0.25 xl0" cell equivaleins) deaved fytm CHO cells stably 
tratisfi»:fitd with OCRS were inoibated with 03 ^^I-RANIBS in a 96 well plate for 
45 min* at room temperature (final leactioii volume 200 ul). The reaction wa$ 
30 temiinated by faltfatton and the filters (CF/C) were washed twelve ttm^ with a 
soluiioti of phosphate buf&ied saline containing 0 J % bovi ne senrni allHiniin and 
0.05 % NaN3. The radioactivity boand to filters was treasured by liquid 
scii^llation q)ectnHnetfy« Ndo-spedfic binding was deienmned in the presence of 
tmtahelled RANTES (10 or 30 nM) and avera^ 30-50% ^ total binding. 
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CCRS Receptor Functional Assay 

The cellular functionai assay used to assess antagonist activity of compounds was 
RANTES-tnduced Ca^**^ molnUzatioD in RBL 2H3 cells stably expitssing d» 
hCOlS or mCX:RS icceptor (E&BL 2H3 bCCRS). Agonist activity is detennined by 
Ca^^ mobilization in the sanie cells which is inhibitabte by aselective CXStS 
antagonist. Cells weie grown to 80-100% confluency in T-tSO flasks and washed 
with phosphate-buffimd saline. Cells were lifted from the flaslcs by treating with 3 
mL of i mM B>TA for 3 liiin. at room temperature and diluting to 2 X 10^ cellsAnL 
with Ktebs Ring^ Hens^it buffer <KRH; 1 18 mM NaCl. 4.6 mM KCL 25 txM 
NaHCOs. 1 mM KH2PO4 and U mM glucose) containing 5 mM HEPES (pH 1A\ 
1 mM CaCl2, 1 mM MgCl2 suid 0.1% ^A aiul centrifuged at 200^ for 3 mio. Ceils 
were cesuspeiided at 2 X tO^ cells/mL it) the same buffer with 2 (iM Fura-2AM» and 
incubated for 35 min. at 37^ C, Cells centrifuged at 2W) x g for 3 min. and 
resuspeiKled in the same buffer without Rira-2AM, then inoibated 15 min. at 
37^ C to complete the hydiolysis ttf intr^llolar Fura-2 AM. ami then centrifuged as 
bcfoie. Ceils (I0<^ cells/mL) were resuspended in cold KRH widt 5 mM HEPES 
(pH 7.4)» t mM CaCl2* 1 tnM MgCl2 and 0J% gelatin and maintained on ice until 
a$saj^. For antagonist s^dies. aliquots (2 mL) of cells weve prewarmed at 37^ C 
for 5 min. in 3 mL {Mastic cuvettes and fluoresc^ce measured in a fluorometer 
(Johnson Found^ui^^ Biom^cal Group, Phil^phia» FA^ USA) with magnetic 
stirring and temperature maintained at 37^ C. Excitation ws^ set at 340 nrn ^d 
emissitm set at 510 nm. Various concentrations of anuigontsts or vehicle were added 
and fluonBsceitn^ moaitofed for ^ 15 sec to ensuie that there was no change in 
basdine fluorescence^ followed by the addition of 33 nM RANH^. Maximal Ca^^ 
mtained ajft^ 33 oM KANTES stiitmladon was calculated as described by 
Giynkiewicz etal^ (1985), the pcreoii of minimal RANTES-iiKluced Ca2+ was 
determined f<»^each concentration of antagonist and the IC5o^ defined as the 
concentration of test compcnmd that inhibits 50% of tfa^ liiaximal 33 nM RANTES 
response^ obtaii^ fitom die concentnoiouHiesponse curves (S«7 osncentralioas of 
antagoiusis). Alimatively^ this CCR5 receptor fimctiooalas$«^ was perfon^ 
tmirine CCRS (mCCRS) widt a RANI1E5 coocenlratiott 

TIh^ compounds of this inveniion show CCR5 receptor modylalor activity 
having IC50 >^ues in the range of 0.(KX}1 to 100 )iM. The full stnK^ture/activity 
relationship has not yet been establisted for the compounds of this invention. 
Howevx^* given the disclosure hmtin, one of ordinary skill in the an can utilize the 
piescnt assays in order to ttetens^ne which ctMnpounds of fofinubi (1) are flK)duhu«s 
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Claim Rejections - 35 USC § 112 
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The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specrfication shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

8. Claims 1 and 9 recite the limitation "solvate" in the claim. There is insufflcient 
antecedent basis for this limitation in the claim. 

9. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to David K. O'Dell, Ph.D. whose telephone number is (571) 
272-9071. The examiner can nomnally be reached on Mon-Fri 7:30 A.M.-5:00 P.M EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Cecilia Tsang can be reached on (571) 272-0562. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from, either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more infonnation about the PAIR system, see http://palr-direct.uspto.gov. Should 
you have questions on access tO' the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toil-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 




D.K.O. 



CeciitaJ.Tsang 

Smwi-^'feory Pdent Examtmr 
""l^Idinology CerTter 1600 
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Preface 



Most non-chemists would probably be horrified if they were to learn how many 
attempted syntheses fail, and how inefficient research chemists are. The ratio of suc- 
cessful to unsuccessful chemical experiments in a normal research laboratory is far 
below unity, and synthetic research chemists, in the same way as most scientists, 
spend most of their time working out what went wrong, and why. 

Despite the many pitfalls liirking in organic synthesis, rnost organic chemistry 
textbooks and research articles do give the impression that organic reactions just 
proceed smoothly and that the total synthesis of complex natural products, for 
instance, is maybe a labor-intensive but otherwise undemanding task. In fact, most 
syntheses of structurally complex natural products are the result of several years of 
hard work by a team of chemists, with almost every step requiring careful optimiza- 
tion. The final synthesis usually looks quite different from that originally planned, 
because of unexpected difficulties encountered in the initially chosen synthetic 
sequence. Only the seasoned practitioner who has experienced for himself the many 
failures and frustrations which the development (sometimes even the repetition) of 
a synthesis usually impUes will be able to appraise such work. 

This book attempts to highlight the competing processes and limitations of some 
of the most common and important reactions used in organic synthesis. Awareness 
of these limitations and problem areas is important for the design of syntheses, and 
might also aid elucidation of the structure of unexpected products. Two chapters of 
this book cover the structure-reactivity relationship of organic compoimds, and 
should also aid the design of better syntheses. 

Chemists tend not to pubUsh negative results, because these are, as opposed to 
positive results, never definite (and far too copious). Nevertheless, I have ventured 
to describe some reactions as difficult or impossible. A talented chemist might, how- 
ever, succeed in performing such reactions anyway, for what I congratulate him in 
advance. The aim of this book is not to stop the reader from doing bold experiments, 
but to help him recognize his experiment as bold, to draw his attention to potential 
problems, and to inspire, challenge, and motivate. 
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Foreword 



/ don*t have my name on anything that I don*t really do. 

-Heidi Klum 



Can the organic chemists associated with so-called "^Named Reactions*' make the 
same claim as supermodel Heidi Klum? Many scholars of chemistry do not hesita- 
te to point out that the names associated with '*name reactions" are often not the 
actual inventors. For instance, the Amdt-Eistert reaction has nothing to do with 
either Arndt or Eistert, Pummerer did not discover the "Pummerer" rearrange- 
ment, and even the famous Birch reduction owes its initial discovery to someone 
named Charles Wooster (first reported in a DuPont patent). The list goes on and 
on... 

But does that mean we should ignore, boycott, or outlaw "named reacti- 
ons"? Absolutely not. The above examples are merely exceptions to the rule. In 
fact, the chemists associated with name reactions are typically the original disco- 
verers, contribute greatly to its general use, and/or are the first to popularize the 
transformation. Regardless of the controversial history underlying certain named 
reactions, it is the students of organic chemistry who benefit the most from the ca- 
taloging of reactions by name. Indeed, it is with education in mind that Dr. Jack 
Li has masterfully brought the chemical community the latest edition of Name 
Reactions. 

It is clear why this beautiful treatise has rapidly become a bestseller 
within the chemical community. The quintessence of hundreds of named reacti- 
ons is encapsulated in a concise format that is ideal for students and seasoned 
chemists alike. Detailed mechanistic and occasionally even historical details are 
given for hundreds of reactions along with key references. This "must-have" book 
will undoubtedly find a place on the bookshelves of all serious practitioners and 
students of the art and science of synthesis. 




Phil S. Baran 
La Jolla, March 2006 



Preface 



Confucius said: "Reviewing old knowledge while learning new old knowledge, is 
that not, after all, a pleasure?'* Indeed, name reactions are not only the fruit of 
pioneering organic cbennists, but also our contemporaries whose combined dis- 
coveries have resulted in organic chemistry today. Since publication of this book, 
Barry Shaipless and Ryoji Noyori» whose name reactions have been included 
since the first edition, went on to win the Nobel Prizes in 2001. Recently, Richard 
Schrock, Robert Grubbs, and Yves Chauvin shared the 2005 Nobel Prize in che- 
mistry for their contributions to metathesis, a name reaction that has been also in- 
cluded since the first edition. Therefore, I intend to keep up with the new devel- 
opments in the field of organic chemistry while retaining the collection of name 
reactions that have withheld test of time. 

The third edition contains major improvements over the previous two editions. 
I have updated references. Each reaction is now supplemented with two to three 
representative examples in synthesis to showcase its synthetic utility. As Emil Fi- 
scher stated: **Science is not an abstraction: but as a product of human endeavor it 
is inseparably bound up in its development with the personalities and fortunes of 
those who dedicate themselves to it" To that end, I added biographical sketches 
for most of the chemists who discovered or developed those name reactions. 
Furthemore, I have significantly beefed up the subject index to help the reader na- 
vigate the book more easily. 

In preparing this manuscript, I have incurred many debts of gratitude to Prof 
Reto Mueller of Switzerland, Ptot Robin Ferrier of New Zealand, and Prof James 
M. Cook of the University of Wisconsin, Milwaukee; Dr. Yike Ni of California 
Institute of Technology, and Dr. Shengping Zheng of Columbia University for in- 
valuable suggestions. I also wish to thank Dr. Gilles Chamboumier, Prof. Phil S. 
Baran of Scripps Research Institute and his students, Narendra Ambhaikar, Ben 
Hafensteiner, Carlos Guerrero, and Dan O'Malley. Prof. Brian M. Stoltz of Cali- 
fornia Institute of Technology and his students, Kevin Allan, Daniel Caspi, David 
Ebner, Andrew Hamed, Shyam Krishnan, Michael Krout, Qi Charles Liu, Sandy 
Ma, Justin Mohr, John Phillips, Jennifer Roizen, Brinton Seashore-Ludlow, Na- 
thaniel Sherden, Jennifer Stockdill, and Carolyn Woodroofe for proofreading the 
final draft of the manuscript. Their knowledge and time have tremendously en- 
hanced the quality of this book. Any remaining errors are, of course, solely my 
own responsibility. 

I welcome your critique. 




Jack Li 

Ann Arbor, Michigan, March 2006 
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polymer support 
A adenosine 



Ac 


acetyl 


AIBN 


2,2 -azobisisobutyronitnle 


Alpme-borane 


5-isopinocanipheyl-9-borabicyclo[3.3.1]-nonane 


At 


aryl 


B: 


generic base 


9-BBN 


9-borabicyclo[3.3. l]nonane 


[bimim]Cl*2AlCl3 


i-butyl-3-methyhnudazolium chloroalununununate 




(a Lewis acid ionic liquid) 


BINAP 


2,2'-bi$(diphenylphosphino)-l »r-binaphthy] 


Bn 


benzyl 


Boc 


tert-butyloxycarbonyl 




tert-hniyl 


Bz 


benzoyl < 


Cbz 


benzyloxycarbonyl 


m-CPBA 


m-chloroperoxybenzoic acid 


CuTC 


copper thiophene-2-carboxyIate 


DABCO 


1 ,4-diazabicyclo[2.2.2]octane 


dba 


dibenzylideneacetone 


DBU 


1 ,8-diazabicyclo[5.4.0]undec-7-ene 


DCC 


1 ,3-dicyclohexylcarbodiimide 


DDQ 


23-dichloro-5,6-dicyano- 1 ,4-benzoquinone 


DEAD 


diethyl azodicarboxylate 


A 


solvent heated under reflux 


(DHQ)rPHAL 


l,4-bis(9-0-dihydroquinine)-phthalazine 


(DHQD)2-PHAL 


l,4-bis(9-0-dihydroquinidine)-phthalazine 


DIAD 


diisopropyl azodidicarboxylate 


DIBAL 


diisobutylaluminum hydride 


DIPEA 


diisopropylethylamine 


DMA 


^,/^-dimethylacetamide 


DMAP 


4-iV,A^-dimethylaniinopyndine 


DME 


1 ,2*dimethoxyethane 


DMF 


Mi^-dimethylformamide 


DMFDMA 


/^,^-dimethylforniamide dimethyl acetal 


DMS 


dimethylsulfide 


DMSO 


dimethylsulfoxide 


DMSY 


dimediyisulfoxonium methylide 


DMT 


dimethoxytrityl 


dppb 


1 ,4-bis(diphenylphosphino)butane 


dppe 


1 ,2-bis(diphenylphosphino)ethane 


dppf 


1 , 1 *-bis(diphenyIphospbino)ferrocene 


dppp 


1 ,3*bis(diphenylphosphino)propane 



DTBAD 
DTBMP 
El 
E2 

ElcB 

EAN 

EDDA 

ee 

El 

Eq 

Et 

EtOAc 

HMDS 

HMPA 

HMTTA 

Imd 

KHMDS 

LAH 

LDA 

LHMDS 

LTMP 

M 

Mes 

Ms 

MVK 

NBS 

NCS 

NIS 

NMP 

Nos 

Nu 

N-?SP 

N-PSS 

PCX: 

PDC 

Piv 

PMB 

PPA 

PPTS 

PyPhjP 

Pyr 

Red-Al 
Salen 
SET 
SM 
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di-/ert-butyIazodicarbonate 
2,6-di-ferf-butyM-methylpyridine 
unimolecular elimination 
bimolecular elimination 

2-step, base-induced ^-elimination via carbanion 
ethylammontum nitrate 
ethylenediamine diacetate 
enantiomeric excess 

two groups leave at about the same time and bond to 

each other as they are doing so» 

equivalent 

ethyl 

ethyl acetate 

hexamethyldisilazane 

hexanriethylphosphoramide 

1 , 1 ,4,7, 1 0, 10-hexamethyltriethyIenetetramine 

imidazole 

potassium hexamethyldisilazide 
lithium aluminum hydride 
lithium diisopropylamide 
lithium hexamethyldisilazide 
lithium 2,2,6,6-tetramethylpiperidide 
metal 
mesityl 

methanesulfonyl 
methyl vinyl ketone 
A^-bromosuccinimide 
A^chloFosuccinimide 
N-iodosuccinimide ' 
1 -methyl-2-pyiTolidinone 
nosylate (4-nitroben!zenesulfonyl) 
nucleophile 

^-phenylselenophthalimide 
iV-phenylselenosuccinimide 
pyridinium chlorochromate 
pyridinium dichromate 
pivaloyl 

para-methoxybenzyl 
polyphosphoric acid 
pyridinium /^-toluenesulfonate 
diphenyl 2-pyridylphosphine 
pyridine 

sodium bis(methoxy-ethoxy)aluminum hydride (SMEAH) 
N,iV^-disalicylidene-ethylenediamine 
single electron transfer 
starting material 



SMEAH 


sodium bis(raethoxy-ethoxy)aluminum hydride (Red-AI) 


SnI 


unimolecular nucleophilic substitution 


Sn2 


bimolecular nucleophilic substitution 


SnAt 


nucleophilic substitution on an iuromatic ring 


TBABB 


tetra-n-butylammonium bibenzoate 


TBAF 


tetra-n-butylanunonium fluoride 


TBDMS 


rerr-butyldimethylsilyl 


TBDPS 


tert-butyldiphenylsilyl 


TBS 


/err-butytdimethylsilyl 


TEA 


triethylamine 


TEOC 


trimethysilylethoxycarbonyl 


Tf 


trifluoromethanesulfonyl (triflyl) 


TFA 


trifluoroacetic acid 


TFAA 


trifluoroacetic anhydride 


TFP 


tri-2-furylphosphine - 


THF 


tetrahydrofuran 


TIPS 


triisopropylsilyl 


TMEDA 


M^,N',Ar'-tetramethylethylenediamine 


TMG 


tetramethylguanidine 


TMP 


tetramethylpiperidine 


TMS 


trimethylsilyl 


TMSCl 


trimethylsilyl chloride 


TMSCN 


trimethylsilyl cyanide 


TMSI 


trimethylsilyl iodide 


TMSOTf 


trimethylsilyl triflate 


Tol 


toluene or tolyl 


Tol-BINAP 


2,2'-bis(di-p-tolylphosphino)-l , 1 '-binaphthyl 


TosMIC 


(p-toIy]suIfonyl)methy] isocyanide 


Ts 


tosyl 


TsO 


tosylate 


UHP 


urea-hydrogen pox>xide 



Grignard reaction 

Addition of organomagnesium compounds (Grignard reagents), generated from 
organohalides and magnesium metal, to electrophiles. 



R-X ^ R-MgX V 

Formation of the Grignard reagent: 



R-X 
Single electron 



transfer R» -Mger 

Grignard reaction, ionic mechanism: 



R-MgX 



RiV 
R^MgX 
5- 5+ 

Radical mechanism. 



R-MgX 



R^R2 

V 

R'^OMgX 



fiflWIgX 



R^>-9 

MgX 



R^ r2 H 

X 

R^OMgX 



R^ r2 

V 

R'^OH 



272 

Example 



no 




OMe 



Example 2^ 




EtMgBr 



NOH tol./ether, 76% 




This reaction is known as the Hoch-Campbell aziridine synthesis, which en- 
tails treatment of ketoximes with excess Grignard reagents and subsequent hy- 
drolysis of the organometallic complex to produce aziridines. 
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Organomagnesium reagents occupy a central position in synthetic 
organic and organometallic chemistry. Recently, the halogen-magne- 
sium exchange has considerably extended the range of functionalized 
Grignard reagents available for synthetic purposes. Functional groups 
such as esters, nitriles, iodides, imines, or even nitro groups can be 
present in a wide range of aromatic and heterocyclic organo- 
magnesium reagents. Also various highly functionalized alkenyl 
magnesium species can be prepared. These recent developments as 
well as new applications of organomagnesium reagents in cross- 
coupling reactions and amination reactions will be covered in this 
Review, 
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1. Introduction 

Access to functionalized organometaULc compouQds has 
considerably increased the scope of these nucleophilic 
reagents in organic synkhesis.^'^ The presence of sensitive 
functional groups makes their preparation more complicated, 
and a number of conventional methods are often not 
appropriate or not general. The direct oxidative addition of 
activated metals to organic halides,'^^' carbometallation,^*^ 
hydrometallation.^l or selective deprotonatioii*'' have been 
used successfully, but generally have limited functional-group 
tolerance. The halogen-lithium exchange reaction discovered 
by Wittig etal.^ and Oilman and co-workers!^ allows the 
preparation of a broad range of organolithium compounds,^'' 
although the functional»group tolerance is modest. In con- 
trast, the halogen-magnesium exchange has been found to be 
the method of choice for preparing new functionalized 
organomagnesium reagents of considerable synthetic utility. 

Herein, we wish to give an overview of the dramatic 
advances in the synthesis of functionalized Grignard reagents 
and to demonstrate its broad applicability. Organomagnesium 
reagents were first prepared over 100 years ago by Grignard 
and still occupy a central place in organic chemistry. Organo- 
magnesium compounds have an excellent reactivity towards a 
wide range of electrophtles and readily undergo transmelal- 
lation to provide a variety of organometallic reagents,'^"' 
particularly organocopper reagents, which react especially 
wetl with soft electrophtles and display excellent chemo- 
sclectivilyj"' 



2» The Halogen^Magnesium Exchange - 
XX EaHf Work 

Whereas the direct reaction of magnesium metal with 
organic halides is the most common method used to prepare 
organomagnesium compounds, the first example of a bro- 
mine-^magnesium exchange reaction was briefly reported in 
1931 by PrdvosiJ^^Thus» the reaction of cinnamyl bromide (1) 
with EtMgBr furnished cinnamytmagnesium bromide (2), 
albeit in a moderate yield (Scheme 1).''^ 



The halogeiv-magnesium exchange 
reaction was the first general approach 
to magnesium carfoenoids.'"' ViUi^ras 
and co-workers found that the reaction 
of iPrMgO with CHBr, at -78*C 
furnished the corresponding magne- 
sium carbenoid 3, which could be trapped with electrophiles 
to provide products of type 4 (Scheme 2). This pioneering 
wprk opened the way to the systematic study of magnesium 
carbenoids''*' and demonstrated that the Kalogen-magnesium 
exchange rate is enhanced by the presence of electronegative 
substituents. This behavior was confirmed a few years later by 
the work of Tamborski and Moore»"^ who found that 1.4- 
dibromo-23>5,6-tetrafhiorobenzene (5) is readily converted 
into the corresponding 1,4-dimagnesium species 6 with 
EtMgBr (Scheme 2). Similarly, Furukawa et al. showed that 
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pounds. 
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2-iodopyndine leads to the corresponding Grignard 
reagent within 30 mm by the reaction with EtMgBr at 
25 "C^**' Interestingly, perfluoroalkyl iodides such as 7 
undergo iodine-magnesium exchange at -78 to give 
the perfluorinated Grignard reagent 8, which reacts well 
with carbonyl compounds (Scheme 2).'"' 

These early results demonstrate the synthetic poten- 
tial of the hatogen-magnesium exchange reactionJ^*'^ 
The reactivity of organomagnesium reagents is strongly 
dependent on the reaction temperature: Only reactive 
electrophiles such as aldehydes and most ketones react 
rapidly al temperatures below O^C Thus^ performing the 
halogen-magnesium exchange at temperatures below 
0*^0 has the potential for the preparation of magnesium 
organometallic reagents that bear reactive functional groups 
Access to functionalized Grignard reagents will considerably 
expand the current scope of organomagnesium reagents in 
organic synthesis with the added benefit inherent to bifunc- 
tional reagents. 



2.2. FunctionQlized Ar^J Magnesium Reagents 

Functionalized aryl iodides react readily with iPrMgBr or 
iPrMgO in THF below 0*C, leading to a range of function- 
alized aryl magnesium iodides.^^^' Sensitive carbonyl group 
derivatives such as nitriles^ esters, or amides are tolerated, 
lypically, treatment of methyl 4-iodobenzoate (9) with 
iPrMgBr in THF at -20"C for 1 h produces the functionalized 
Grignard reagent 10, which is stable for several hours below 
-lO'^C, but reacts smoothly with aldehydes at -20 °C leading 




MeOjC 



lib: 72% 



Schemes, The reaction of ester-contaimng aryl magnesium reagents with 
aldehydes. 



to the expected alcohols lla.b in 72 and 83% yields, 
respectively (Scheme 3)J^ 

Aromatic iodides such as 12 that bear electron-donating 
groups undergo iodine-magnesium exchange only at higher 
temperatures (25 *Q.^^''^*' The addition of the resulting aryl 
magnesium species to diethyl N-6oc«nninamalonate (13)^ 
furnishes the adduct 14 in 79% yield. Saponification followed 
by decarboxylation provides the a-amino acid 15 in 81 % yield 
(Scheme 4) j^'l' Whereas aldehyde-containing aryl iodides 
preferentially react with the aldehyde group during attempted 
iodine-magnesium exchange, the corresponding imine (16) 
undergoes a smooth exchange reaction, leading to the 
Grignard reagent 17. The imino groikp of 13 is considerably 
more reactive than that of 16, which explains the compati- 
bility of the later under the conditions used for forming the 
..magnesium reagent 17. The addition of BiQa followed by 
purification by silica-gel column chromatography provides 



, the resulting 
(Scheme 4)."'» 



functionalized triarylbismuthane 18 
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Sd)eme 4. Reactivity and compatibitity of tmine groups within an aryl 
magnesium reagent. Boc=teii>butoxycarbonyl. 



A wide range of basic nitrogen funcUonatities are 
compatible with the iocfine-magnesium exchange. Thus, the 
funccionattzed iodoqutnoltne 19 is converted at -SCO in 
10 mtn into the corresponding magnesium reagent 20. Trans- 
metaltation with CuCN'2 LiCI^' and the reaction with allyl 
bromide furnishes the allylated qutnoJine 21 in 78% yield 
(Scheme 5).^^' Similariy, the diallylaniline 22 is allylated via 
the intermediate Grignard reagent 23, leading to the func- 
lionalized aniline derivative 24 in 81% ^etd (Scheme 5).'^' 

Labile amidine'^^ and imine protecting groups are stable 
to magnesium-halogen exchange and are convenient deriv- 
atives for introducing primary amine functions in a molecule. 
Thus, the diiodoamidine 25 is convened within 5 min at 
-20*'C into the aryl magnesium species 26. Remarkably, only 
one iodinennagnesium exchange reaction takes place. After 
the first I/Mg exchange the dectron den»ty of the aromatic 
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Scheme^ Aiyl magnesium compounds containing nitrogen functional 
groups. Tfsstrifluoromcthanesulfonyl. 



ring increases which hampers a second exchange. Trans- 
metallation of 26 with CuQ^-2LiCl provides the aryl copper 
derivative 27, which readily undergoes an addition-eiimina* 
tion reaction with various ^iodocarbonyt compounds such as 
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2ft or 29 JO furnish either direcUy the corresponding Q,p- 
unsaturaled carbonyl compound 30^^ in 87% yield, or, after 
the removal of the amidine function and cycltzation, the 
heterocycle 31^* in 78% yield (Schemed). Likewise, the. 
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S£heme 6L Preparation of Iminoaiyi magnesium reagents for the syn- 
thesis ofheterecycles. l^aMgX^ LiX. 
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Seheme 7. Reacttons of unprotected amincMryl magnesium reagents. 



withdrawing groups. Therefore, Br/Mg exchange is suitable 
for the preparation of Gnghard'reagehts that bear sensitive 
functional groups. The exchange rate depends strongly on the 
electron density of the aromatic ring. Thus, whereas bromo- 
pentafluorobenzene undergoes complete Br/Mg exchange at 
-78 "C within 30m(n. 1-bromo-2,44-trifluorobeiizene 
requires Ih at -lOX for a full converskm into the 
corresponding magnesium reagent.^^' Polyfiinclionalized aro- 
madc bromides such as 43^ and 44^^' (Scheme 8) that bear a 



diimine 32 undergoes an iodine-magnesium exchange 
with iPrMgBr (2equiv) at -10*C in 3h. Transmctalla- 
tion to the copper derivative by treatment with CuCN* 
2LiC/^ and alfylation with 2-methoxyaUyl bromide 
gives the diimine 33 in 68% yield. Deprotection of the 
two amino functions, and of the vinylic ether, with 
concentrated H2SO4 furnishes the indole 34 in 71% 
yicldJ»» 

Unprotected functionalized iodoanilines can also be 
used to prepare Grignard reagents. The successive 
addition of PhMgQ (-30*0, lOmin) and iPrMgO 
(-25*C 10 min) to the duodoaniline 35 giveSi via the 
magnesium amide 36. the dimagnesium derivative 37, 
which reacts in satisfactory yields with an aldehyde to 
give the polyfunctionatized t>enzylic alcohol 38 
(Scheme 7}J^ fnterestingly, after transmetallation with 
CuCN-2 Ua,'"' the resulting copper reagent reacts with 
MO'bis(tnmethyl5ilyl)hydroxylamine (39) to afford the 
diamine 40 in 65 % yield. The direct reaction of 39^^^ with 
an aryt magnesium reagent such as 41 provides the corre- 
sponding 2-hydroxyaniline 42 in 64% yield (Scheme 7).*^^ 
Collectively, these I/Mg exchanges demonstrate a versatile 
preparation of a range of aminated aryl magnesium reagents 
that is not comph'cated by the deactivation of magnesium 
metal in the more standard preparation of aryl magnesium 
species from aryl halides and magnesium turnings. 

The Br/Mg exchange reaction, although slower than I/Mg 
exchange, is suffidently fast below 0*C for preparing 
functionalized aryl magnesium bromides that bear electron- 



THF.-tO'C, 
1.6 h. 



N' CHO 




Bu 
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48:60% 



49 50 
Scheme & Br/Mg exchange of functionalized aromatic bromides. 



chelating group at the ortha position, rapidly undergo Bi/Mg 
exchange. The. chelating group complexes iTrMgBr prior to 
the Br^g exchange, which facilitates this exchange through 
an intramolecular reaction. Thus, the dibromide 43 undergoes 
a chemosetective Br/Mg exchange, leading only to the reagent 
45, in which the MgBr group is ortho to the amidine 
functionality. After the addition to 2-butyiacrolein, the 
expected alcohol 46 is formed in 68% yield.^^^ An oxygen 
chelating functional group such as an eChoxymethyl group in 
the aryl bromide 44 enhances the Br/Mg exchange rate, 
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allowing the preparaiion of (he magnestutn derivative 47 at 
<-30*C within 2 h. In the presence of a calatytic amount of 
CuCN-2LiQ (10mol%), 47 undergoes an alJyIation with 
allyl bromide to provide the aromatic nitrile 4ft in 80% 
yield.^"^ Less effective chelating groups such as a meihoxy 
function require higher reaction temperatures. For example, 
2,4-dibromoanisole (49) is converted into the corresponding 
aryl magnesium compound 50 by treatment with iPrMgQ 
(2 equlv) in THF at 40°C for 5 h. After the addition of CO,, 
the corresponding carboxylic acid 51 is obtained in 90% yield 
(Scheme 8)J»"1 

The incorporation of electrophilic functional groups or/Ao 
to the carbon*magnesium bond allows two sequential alky- 
lations, leading to ring closure (Scheme 9). IVeatment of the 
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Scheme ia Preparation and reaction of dilwomethyl-substituted aiyl 
organometallic compounds. OMAP=4-dimethylaniinopyridine. 
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Scheme ti Stereesdecttve ring closure of aryl magnesium intermedJ- 
ales. Tsssp-toiuenesutfonyl. 



benzylic chloride 52 with iPrMgBr in THF (-30 1 h) 
furnishes the corresponding Grignard reagent 53, which 
reacts at -10*'C with phenyl isocyanace to give the function* 
alized A^-phenylphthalimide derivative 54 in 75% yicld.^^^ 
The reaction of the related aryl magnesium species 55 with 
ethyl 2<(bramometbyl)acryIale*'*^ furnishes the polyAinction- 
alized product 56 in 83% yield. Subsequent treatment of 56 
with benzylamine in the presence of KjCOj in refluxing THF 
provides the benzoazepine 57 in 75% yieldP'* 

In strong contrast to the corresponding lithium reagent, 
which is stable only at -100 "Q^"' the magnesium species 55 is 
stable for several hours at -30**C The reagent 55 was recently 
transmetallaled to the boronic add 58 by the reaction with 
B(OiPr)3 and subsequent hydrolysis. The boronic acid 58 
reacted with Fb(0Ac)4 to give the lead derivative 59, allowing 
an expeditious preparation of 60 in 55% yield (Scheme 10).''^' 
Complementary cyclizations can be achieved with function- 
alized atyl magnesium reagents that bear a more remote 
leaving group such as a tosylate (e.g. 61) or an allyltc acetate 
(e.g. 62). In both cases, a stereoselective substitution reaction 
was observed (Scheme 11).^^^ The Sn2 ring dosuie of 61 is 
catalyzed by CuCN'2 UCP*^ and proceeds with complete 
inversion of configuration; 63 was obtained without eroding 
the original 60% ee. An ami Sn2' suhstttution is observed with 



62, providing the cu-tetrahydrocarbazole 64 in quantitative 
yield. In this case, the Grignard reagent undergoes ring 
closure in the absence of a catalyst.^ 

iPrMgCl is the magnesium reagent of choice for the 
balogen-magneaum exchange; However, in some cases^ the 
use of more (or less) reactive organomagnesium compounds 
is advantageous. Thus, a Br/Mg exchange reaction between 
cyclohexylmagnesium chloride and allylic tetrabromo ether 
65 at 40**C with a subsequent copper-catalyzed syn Sn2' 
substitution reaction furnishes the benzofiiran derivative 66 in 
70% yieldJ'*^* In the synthesis of a potent famesyl protein 
transferase inhibitor, the polyfunctionalized amide 67 needed 
to be converted into the tricyclic product 68. This was 
achieved through an iodine-magneaum exchange reaction 
with 2-methoxy 5-methyl-phenyhnagnesium bromide in a 
THF:dtoxane mixturew The reaction was complete within 
30 min at -20"C and led to the cydized product 68 in 78% 
yield (Scheme 12).'^'^ 

Functionalized aryl magnesium compounds allow direct 
aminometbylation reactions with various carbonyl com- 
poundsL Thus, the Grignard reagent 69 adds to the tmimum 
trifluoroacetate 70 in THF/CH^Q] at -60 X within 30 min, 
providing the diallylamine 71 in 76% yield. Deallylation by 
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Sdtcmc fx cydizations mediated by KarogenHmagnesium eicchange. 

the method of Guib6 and co-workers^"* provides (he amino- 
methylation product 72 in 87% yield.^"^ Various unsaturated 
irnintum salts such as 73 and 74 react with functionalized aryl 
magnesium halides, for example, 75, to finmish the expected 
benzyttc amines 76 and 77» respeaively, in yields of 80% 
(Scheme 13)J*»' 
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Sektme Fonnation of a functionalized aryl magnesium compMind 
during the synthesis of vanconvydn. Odms4,4'-dimetho9(ypheriy(- 
methyl, TBSsiar^butyldtmethybiljfL 
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Sdicmefi. iteaction offunclionafized aryl magnesium compounds with iminium salts. NMP=N' 
methylpyrrolidinone. 



combination of MeMgBr and iPrMgBr 
(excess) at -40 X followed by the addition 
of B(OMe)3, leading to the boronic ester 82. 
The reaction of 82 with an alkaline solution of 
H2O2 furnished the desired phenol 80 in 
approximately 50% overall yield. 

Functionalized aryl magnesium chlorides 
such as 83, prepared by I/Mg exchange, 
readily undergo addition reactions to aryl 
oxazoline& The addition-elimination of 83 to 
a trimethoxyaryl oxazoline followed by ortko 
lithiation and substitution with ethylene 
oxide ted to a polyfunctionalized aromatic 
intermediace that was required in the syn- 
thesis of an alkaloid (Scheme \6)}^ 



In the presence of catalytic amounts of CuI-2 LiCl and 
MejSiCI (1 equiv),'^'' functionalized aryl magnesium com* 
pounds can be added to various cyclic and acyclic enones, 
providing Michael-addition products of type 78 
(Scheme 14).«*'l 

The iodine^agnesium exchange can be applied to the 
synthesis of complex natural products. A selective conversion 
by Nicolaou and co-workers of the aryl iodide 79 (X = I) into 
the corresponding phenol 80 (X = OH) was needed in the 
fmal steps of the synthesis of the antibiotic vancomycin 
(Scheme 15).*^^ The aryl iodide 79 was converted into the 
corresponding Grignard reagent 81 by the reaction with a 
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Seheme 14. Cu^-catalyzed addition of functionalized aryl magnesium 
compounds to enones. 
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2>aBUU 

83 74% 

Scheme ifiL Formation of a functionafized aryi magnesium compound 
in the course of the synthesis of an alkaloid. TIPSstriisopropylsilyl. 



Polyfunctionalized organomagnesium reagents on a resin 
can be generated readily by using an iodine- or bromine^ 
magnesium exchangeJ^^^ Various functionalized iodobenzoic 
adds have been attached to Wang resins through the carboxy 
group. The immobilized ester 84. when treated with excess 
iPrMgBr at -SO'C for 15-30 min, generates the correspond- 
ing aryl magnesium compound 85 in high yield. Tt can be 
quenched successfully with a range of electrophiJes and the 
resulting adduct, for example, 4-cyanoben2oic acid (86)« is 
released from the resin by treatment with trifluoroacetic acid 
(Scheme 17). This method has an excellent generality and the 
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Sterns 17. Immobilized functionalized aiyl magnesium reagents for 
combrjiatorid synthesis. 



yields and purities (HPLQ of products obtained via immo- 
bilized organomagnesiuin reagents prepared by a halogen- 
magnesium, exchange are usually excellent, thus allowing 
their application in combinatorial chemtstry.^^^ 

Oshima and co-workers have shown that besides alkyl 
magnesium halides, lithium trialkyi magnesiates (RsMgLO 
readily undergo iodine- or bromine-magnesium exchange 
reactions.^'^'^' Lithium triatkyi magnesiates are prepared by 
the reaction of an organolithium reagent (RLi; 2 equiv) with 
an alkyl magnesium halide (RMgX; 1 equiv) in THFat 0*C 
Either 1 or 0.5 equivalents of the lithium magnesiate 
(BujMgLf), relative 10 the aromatic halide (X^I or Br^ 
can be used, which ^ows that two of the three butyl groups 
undergo the exchange reaction. Thus, the reaction of 3- 
bromobenzonitrile (87) provides the lithium diaryl butylmag- 
nesate 88, which is allylated in the presence of CuCN- 
2 Ua^l to give the nitrile 89 in 85% yield (Scheme 18). The 
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Scheme iB. Br/Mg exchange for Ihe preparation of functionalized aiyl 
magnesium reagents. 

exchange reaction with lithium trialkyi niagnesiates is gen- 
erally faster than the halogen-magnesium exchange reaction 
with iPrMgBr and is less sensitive to the electronic density of 
the aromatic ring. Importantly, trialkyi magnesiates react 
more rapidly with aryl bromtdes than does /PrMgCl. How- 
ever, the resulting lithium triorganomagnesiates of type 88 arc 
more sensitive to the presence of electrophilic functional 
groups and thus exhibit a reactivity that is intermediate 
between organolithium and organomagnesium species. 
Therefore the greater reactivity limits the number of func- 
tional groups usually tolerated in these exchange reagents. 



The presence of ail extra butyl group in 88 may also 
complicate the quenching oC the reactions owing to compel* 
itive reactivity with electrophites. However, BujMgLi is an 
excellent reagent for preparing functionalized biaryl com- 
pounds of type 90. Thus, lithium tributylmagnesiate induced 
bromine-magnesium exchange of the amide 91 provides the 
magnesiate species 92, which undergoes a smooth titaniu- 
m(iv)-mediated homocoupliog reaction, leading to the 
biphenyl derivative 90 in 72% yield (Scheme 18).^ 



2.^ Repctiom ofNitnanae Derivatives with OrganomagpesSum 
Reagents 

The reaction of nitroarenes with Grignard reagents was 
first investigated in the pioneering work of Wieland in 1903J^ 
Several reaaions between nitroaromatic and organometallic 
compounds were carefully investigated by Bartoli and co- 
workers.'^^' Owing to the high electrophilrcity of the nitro 
functionality, organometallic species can trigger either nucle- 
ophilic attack or electron-transfer reactionsL However, it has 
been shown that orriiolithiated nitrobenzene is stable at very 
low temperature.'^^ Interestingly, the corresponding zinc and 
copper species obtained by transmetallation with zinc(n) or 
copper(i) salts, exhibit excellent stobility and show, under 
appropriate reafction conditions^ no tendency to undergo 
electron-transfer reactions.'''' 

A broad range of functionalized aryl magnesium com- 
pounds that bear a nitro function at the ortho position can be 
prepared by iodine-magnesium exchange.'^' Thus, the nitro- 
substituted aryl iodides 93 and 94 undergo a smooth I/Mg 
exchange with phenylmagncsiuin chloride within a few 
minutes at -80 and -40*C| respectively, leading to the 
expected Grignard reagents 95 and 96. After the addition of 
benzaldehyde, the benzylic alcohols 97 and 98 are obtained ^ 
respectively in % and 90 % yields.'**' Even an electron-poor 
aryl iodide such as the dinitro derivative 99 cleanly provides 
the corresponding Grignard reagent 100, which reacts with 
benzaldehyde to give the benzylic alcohol 101 in 74% yield 
(Scheme 19). 
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Sdiemet^, Preparation of pofyfiinctionalized aiyl magnesium com- 
pounds bearing a rritro function. 
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Transmeiallation of the Grignard reagent 95 with 
CuCN'2 LiQ^^' furnishes the coaesponding copper reagent 
102. which can be trapped by several electrophiles, such as 
acyl halides or allyhc halides; to afford products of type 103 
(Scheme 20).'^' These results indicate that, contrary to 
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Scheme 2f, Preparation of meUHtitioarj/^ magnesium compounds. 
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Sthemtaa, Transmetalation of nitro-substituted afyl magnesium com- 
pounds. dbaaDibenzylideneacetone, tfpstrl-ort/io-fuiylphosphane. 



fn the absence of sterically hindered systems such as 107, 
phenytmagnesium chloride reacts wth nitroarenes.'^-^'' This 
reaction proceeds according to the mechanism originally 
proposed by Kdbrich and co-workers (Scheme 22) J*^' The 
aryl magnesium reagent 110 adds first to the oxygen atom of 



2)FeCVNfl8H,.RT.2h 



.NH 



OMga 
112 



-Ar'OMgO 



113 



115 

^ ftOynaBHi 
RT.2II 



Af»-N-OMga 
114 



Scheme 2z. Mechanism of the reaction of aryl magnesium compounds 
with nitroarenes leading to diaryl amines. 



general belief, single-electron-transfer reactions between 
nttro groups and organometaltic species, especially organo- 
magnesium compounds, is tess favorable than the halogen- 
magnesium exchange reaction. Pa]]adLum(o)-catalyzed 
Negishi cross-coupling^^^* can be performed by converting 
the magnesium reagents into the coiresponding zinc reagentsi 
The nitro-substituted aryl magnesium species 104 is best 
prepared by using the sterically hindered mesitylmagnesium 
bromide (105). Thus, the reaction of the zinc derivative of 104 
with ethyl ^iodobenzoate (THF, -40**C-*RT» 3 h) in the 
presence of [Pd(dba)2] (5mol%) and tri-o-furylphosphane 
(10 mol %)^^^ provides the biaryi compound 106 in 73 % yield 
(Scheme 20).''^ The onho relationsh^) between the carbon- 
magnesium bond and the nitro function is 
essential for a clean and fast exchange reac- 
tion. Meia- and para-substituted iodonitro- 
arenes lead to unselective reactions with 
addition of the organometallic species to the 
nitro group. The o*nitro-substitulion pattern 
facilitates the I/Mg exchange by precomplex- 
alion of the Grignard reagent to the- nitro 
function prior to I/Mg exchange. I/Mg 
exchange of me/ii- and pffro-substituted ibdo- 
nitroarenes is only possible in cases in which 
the nitro group is sterically hindered. Thus, 
the reaction of Che diiodonttrobenzene deriv- 
ative 107 with PhMgCl (THF, 10 min) 
furnishes the corresponding Grignard com- 
pound 108, that reacts with benzaldehyde to 
afford the expected benzylic alcohol 109 in 
75% yield (Scheme 21)J*^ 



the nitro function of arene 111 to furnish the adduct 112, 
which eliminates one equivalent of a magnesium phenolate 
(Ar'OMgCl), providing the arylnitroso derivative 113. The 
addition of a second equivalent of Ar^MgQ to 113 furnishes 
the magnesium salt of a diaryl hydroxylamine 114. Diaryl 
bydroxylamines are air-sensitive and difficult to isolate in 
pure fonn. To make this reaction of preparative interest, a 
subsequent reduction with FeClj/NaBH^ is required, pro^nd* 
ing the diaryl amine 115 (Scheme 22).'^' The method allows 
arylation of nitrobenzene derivatives and therefore is ideal 
for preparing a range of functionalized diaryl amines such as 
116-124 (Scheme 23).^^' Hiis reaction complements recently 
developed palladium(o)-catalyzed aminatton reactions'^ and 
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Scheme 2$. Pofyflinctionatized diaiyi amines obtained by the reaction of a fiindionaCzed 
aryl magnesium compound with nitroarenes. The dotted lines Indicate the newly formed 
C-Nbond. 
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related smination procedures that use a copper(f)'"* or 
nickel(0)'^' catalysis. As indicated above^ the mild reaction 
conditions are compatible with a range of functional groups. 

The Crignard reagent can bear electron-withdrawing 
groups (116, 117, 120, 122, 123) or electron-donating groups 
(118, 124). The same remark is true for the nttroarene. 
Interestingly^ sensitive functions such as an iodine, bromine, 
or triflate*^! group can be present in either reaction partner, 
which is normally problematic in transition-metal-catolyzed 
amination proceduresL^^'^ As shown in the mechanistic 
pathway described in Scheme 22» 2 equivalents of the aryl 
magnet um compound are required to produce amines of type 
115; \ equivalent of the aryl magnesium reagent is wasted in 
the formation of the magnesium phenolate. This can be 
avoided by using a nitrosoarene instead of a nitroarene as the 
eleclrophilic reagent. The reaction of 4-dimethylaminonitro- 
sobenzene (125) with PhMgCI (1.2eqiriv) provides the 
expected^"*^' diaryl hydroxylamine 126. which after reductive 
treatment (FeOj/NaBH*), gives the diaiyl amine 127 in 73% 
yield (Scheme 24). Sterically hindered, electron-poor nitro- 
arenes such as 128 react with PhMgCl to generate an aryl 
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Scheme The reaetbn of avyt magnesium reagents with nitro> and 
nitrosoarenes. 



nitroso intermediate, which undergoes a reaction at the 
oxygen atom of the nitroso functional group, providing a 
magnesium nitrenoid^^^' of type 129. An intramolecular C-H 
insertion is triggered to give the polyfunctionalized indole 130 
in 75% yield.'**' Rnalty, the reaction of heterocyclic benzo- 
thiazoles 131 with functionalized aryl magnesium species 132 
provides the functionalized heterocycle 133 in 64% yield 
(Scheme 24).<*'l 



Z4, Preparution <^ Functhnalized Heteroaryl Maffiesium 
Reagents 

A variety of functionalized heterocyclic Grignard reagents 
can be prepared by using an iodine- or bromine-magnesium 
exchange reaction.'^"^ The electronic nature of the hetero- 
cycle influences the halogen-magnesium exchange rate: 
electfon-poor heterocycles react foster and electron-with- 
drawing substituents strongly accelerate the exchange. 2- 
Chloro-4*iodopyridine (134) reacts with iPrMgBr at -40*C 
within 30min'^^ to furnish selectively the magnesium 
species 135. The Jatcer species adds to hexanal, leading to 
the alcohol 136 in 85% yield (Scheme 25). If instead of a 
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Scheme 1$. The rate of the haloger»*magnesnjm exchange reaction Is 
dependent on the nature of the heterocycle. 



pyridine^ a pyriroidtne deiivative such as 137 is used, a 
selective iodine-magnesium exchange occurs at -80**C within 
10 min, providing the organomagnesium compound 138. The 
subsequent reaction of 138 with allyl bromide in the presence 
of CuCN-2 Lia'**^ gives the 2.allylpyrimidine 139 in 81 % 
yield.*"^ Although a chlorine-magnesium exchange is a very 
slow reaction, the presence of four chlorine atoms in 
tetrachlorothiophene (140) accelerates this exchange (25*C| 
2 h), leading to the magnesiated heterocycle 141, which reacts 
with ethyl cyanoformate to provide the thtenylester 142 in 
78% yield (Scheme 25).'**' 

A range of functionalized iodoheterocydes have been 
magnesiated through an iodine-magnesium exchange, thus 
allowing a rapid synthesis of polyfunctionalized heterocy- 
gl^EUTOi TTiuss the protected iodopyrrole 143 undergoes an 
iodine-magnesium exdiaiige at -40'C within 1 h, leading to 
the magnesiated pyrrole 144, which reacts with DMF to 
furnish the formyl derivative 145 in 75% yield 
(Scheme 26)P'* 4-Iodo-3-ethoxy-5-methytisoxazoIe (146) is 
converted into the corresponding Grignard reagent 147, 
which reacts directly with benzoyl chloride to give the 
ketone 148 in 77% yield.P*^ Also 4-iodopyra2oles sudi as 
149 are converted at O^C into the intermediate organo- 
magnesium reagent 150. The subsequent reaction of 150 with 
DMF furnishes the formylated derivative 151 in 88% ^Id 
(Scheme 26).P« 
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Scftemr a6L Magnesiation of five-membered heterocydes. OMFs 
dimethylformamide. 



Polyhalogenated substrates usually undergo a single, 
selective halogen-magnesium exchange (Scheme 29), After 
the first magnesiation. the electron density of the heterocyde 
increases to such an extent that a subsequent second exchange 
is very slow. This very general behavior leads to the high 
chemoselectivity of the Br/Mg exchange reaction. The first 
exchange reaction of tribromotmidazole 16^^^ occurs at C2. 
Copper-catalyzed allyiation leads to the 4,5-dibromoimjda- 
zote 164 (Scheme 29). Treatment of 164 with a second 
equivalent of iPrMgBr leads to an exchange reaction only at 
CS, as the intermediate Grignard reagent is stabilized by 
chelation. After quenching with ethyl cyanoformate (-40--^ 
25*C, 2h), the corresponding 4-bromo-5-€arbethoxyimida- 
zole 165 is obtained in 55% yield (Scheme 29).^"^ The 
presence of chelating groups strongly influences the regiose- 
lectivity of the Br/Mg exchange. Thus, the dibromothiazole 
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Sensitive heterocyclic "benzylic*" 
magnesium species such as 152 are read* 
ily obtained by a bromine-magnesium 
exchange from the bromomethyloxazole 
153 (Scheme 27). Grignard reagent 152 is 
generated at -*78 ^C in the presence of 6- 
valerotactone (to minimize self<onden- 
sation), leading to the hemiketal 154 in 
66% yield. This reaction was used to 
prepare advanced building blocks such 
as 155 for the total synthesis of (+)- 
phorboxazole A (Scheme 27).^* 

The preparation of funciionalized 
uracils is of interest owing to the poten- 
tial biological properties of this important class of hetero- 
cycles,*^^ Starting from various protected S-iodouracils such as 
156, the addition of iFrMgBr (-40 X, 45min) leads to the 
formation of the corresponding magnesium compound 157, 
which can be trapped by various aldehydes^ ketones, and acid 
chlorides The use of the iminium salt l(f^**^ leads to the 
diallylamtnomethyt product 158 in 85% yield (Scheme 28).^*^^ 
Various magnesiated imidazoles such as 159 or antipyrines 
such as 160 react with the iminium reagent 70 to afford the 
diallylaminomethylaled producls.161 and 162^ respectively, in 
satisfactory yieldsw*"' 
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Sehemeii. Aminomethylation of heterocyclic magnesium reagents. 
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Sdnme rj. Preparation of (•|-)-phorlxHtazole A (ntcnnediates by using ' 
a Br/Mg exchange. TMSsstrimethylsIlyl. 



''y'^^CHjOa 

Br 
163 

OMflBr 

-40'C.1.5h 
2)NCC0,Et * 

-40-*25*C 

2h 



1) JPrMflBr,EiaO 

2) CuCN-2UCI * 



Sr Br 
164:07% 



Br^CO^ 
'^^^•^XHyOEl 

165:50% 



1- 

J '*^OTI 
154:66% 



* «9U 



Br N CHO 







166 


167:04% 


etO^ Br 




aojc mbBt 

1=\ Me^tCt 


etOjC SiMe» 
Br 


Br 




"Br 


168 




169 


170:67% 



Sefteme 29. RegioselectiveBr/Mg-exehange reactions. 



168 undergoes a selective exchange at C5 owing to the 
chelating effect of the ethoxycarbonyl group, leaving the 
bromide at C2 unaffected. The reaction of the intermediate 
Grignard reagent 169 with Me^SiCI provides the expected 
product 170 in 67% yield (Scheme 29).^^ This selectivity has 
been used to convert 44-diiodoimidazoles into the conre- 
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sponding 4-icKloimidazotes by using an I/Mg exchange 
followed by protonation.'^ Similarly. 2,6-dibromopyridine 
has been seleclively exchanged with iPrMgX to generate the 
monomagnesium species.'^**' The use of the magnesiale 
. species BujMgLi proves to be advantageous for performing 
this exchange reaction, leading to the ate complex 166, which 
rapidly reacts with DMF to furnish the aldehyde 167 in 94% 
yield.^"'' The use of magnesiate reagents for the preparation of 
various pyridyl magnesium spedes generally requires 1 equiv- 
alent of BuMciMgLiJ**' 

]midazo[1,2*a]pyridines are potentially a pharmaceutt- 
cally useful class of heterocycles. The preparation of a range 
of functionalized 2-aminoimidazo(r,2*a]pyridihes of type 172 
has been realized starting £rom the heterocyclic iodide 171 
and perfonning an IVMg exchange at -40**C (Scheme 30)}'^ 
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Sehane jo. Preparation of imidazo|1.2-flJpyndines by using a I/Mg- 
exchange reaction. 



Quiguiner and co-workers have developed reaction condi- 
tions that allow the synthesis of magnesiated diazines such as 
173. The addition of iTrMgO to the 4.5-dibromopyridazine 
174 at 20 "C furnishes, within 1 h, the heterocyclic magnesium 
species 173, which affords a range of new functionalized 
pyridazines such as 175 after quenching with an electrophile 
(Scheme 31)J"*' 



carbon-magnesium bond and further improves the fiinc-. 
tional-group compatibility of this carbon-metal bond. 

How far can this functional group tolerance be extended? 
A keto group usually reacts with a Grignard reagent, even at 
-70 In fact, iPrMgO reacts with benzophenone to afford 
the addition product and a large amount of diphenylmetha- 
nol, which results from a ^-hydrogen reductive transfer. 
Nevertheless, by tuning the reaction conditions^ the prepara- 
tion of ketone'Containing aryl magnesium species can be 
achieved. To avoid side reactions^ a sterically hindered but 
reactive Grignard reagent was chosen: neopentybnagnestum 
bromide (NpMgBr)'*^' in conjunction with A'-methylpyrroli- 
dihone (NMP) as a polar cosolvent to increase the rate of the 
iodine-magnesium exchange. Based on these modifications^ 
2-iodopheny) cyclohexyl ketone (176) reacts with NpMgBr 
(1.1 equiv) at -30*C within 1 h in THF/NMP (4:1) to afford 
the aryl magnesium reagent 177 (Scheme 32). The or/Ao-keto 
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Sdiemep. Preparation of the aryl magnesium compound 177 bearing 
a keto group. 



function facilitates formation of the Grignard reagent by 
precoordination of NpNfgBr and stabilizes the resulting aryl 
magnesium species by chelation. Transmetallation of 177 with 
ZnBri followed by Negishi cross^ouplingj^ furnishes the 
ketoester 178 in 64% yield (Scheme 32))^^ 



OMa 



iPrMgg 



20*C.0.Slt 



OMa OMeOH 



174 



173 



175:65% 



Sclicfna jT. Magnesiatlon of pyridaztne derivatives through a Br/Mg* 
exchange reaction. 



Finally, a nuniber of these heterocyclic Grignard reagents 
can be generated with solid-phase reagents and reacted with 
typical electrophiles in excellent yield.'^^^ As numerous 
heterocyclic bromides are available, this exchange method is 
anticipated to become a major method for the functionaliza- 
lion of sensitive polyfunctionalized heterocycles. The car- 
bon-magnesium bond possesses a good intrinsic reactivity, 
which can be enhanced by appropriate Iransmetallattons. The 
presence of electron-poor substituents attached to the hetero- 
cyclic ring somewhat reduces the reactivity of a netghlsoring 



3.5. Preparation o/RiiKtiofioKzetf Atteny/ Magftnium HeageaU 

Alkenyl iodides undergo 1/Mg exchange upon reaction 
with iPrMgBr or iTrjMg. However, this exchange reaction is 
slower than with aryl iodides. Thus, (£)-l-iodo-l'Octene only 
undergoes the exchange reaction at 25 °C and the reaction 
requires 18 h, therefore precluding the presence of function- 
ality at a remote position in iodoalkenes.^'^'' However, the 
presence of a chelating heteroatom or of an electron-with- 
drawing functionality directly linked to the double bond 
greatly enhances its propensity for undergoing iodine-mag- 
nesium exchange. Thus, the functionalized Z atlylic ether 179 
reacts at ~78°C with iPrMgBr, providing the corresponding 
alkenyl magnesium reagent 180. The reaction of 180 with 
PhCHO gives the Z alcohol 181 in 87 % yield (Scheme 33).^^^ 
Similariy, the resin-aitached allylic ether 182 reacts smoothly 
with iTrMgBr in THF/NMP (40:1) vrithin 1.5 h at -40"C 
leading to the desired Grignard reagent In the absence of 
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NMP, the exchange reaction is considerably slower. Quench- 
ing with benzaldehyde and cleavage from the resin with TFA 
in CHjCli provides the dihydrofuran 183 (97% purity).'"*-^* 

The presence of an electron-withdrawing group attached 
to the double bond considerably facilitates the 
iodine-magnesium exchange reaction. A range of 
p-iodoenoates such as 184 are converted into the 
corresponding Crignard reagent 185 (^20**C, 
30 min). The reaction with an allylic bromide in 
the presence of CuCN-2 LiO'**^ leads to the E 
enoate 186, which demonstrates a high configura- 
Cional stability of Che intermediate alkenyi magne- 
sium species ISSJ^^ Whereas alkenyi magnesium 
compounds that bear a leaving group such as a 
halide or an alkoxide at the P position are elusive 
reagents,'"^ the incorporation of the leaving group in a ring 
system leads to more robust reagentSL The reaction of 187 with 
iPrMgQ at -30^C furnishes the desired Grignard reagent 
188, which has a half-life of »2h at -SOX. After trans- 
metallation with ZnBrj. 188 undergoes a smooth Negishi 
cross-coupling with 3-iodo-2-methyl-cyc1ohex-2-enone (28), 
leading to the enone 189 in 55% yield (Scheme ^4)?^^ The 
. preparation of related carbonyl-cootaining aUcenyl magne- 
sium reagents was reported by Hiemstra and co-workers in 
the course of synthetic studies toward the synthesis of 
solanoeclepin A J^'*'^ Treatment of the cyclic alkenyi iodide 
190 with iPrMgO in THF at -78 "C furnished the desired 
Grignard reagent 191, which reacts with acrolein and catalytic 
QiBrMejS in THF/HMPA in the presence of TMSO to 
furnish the Michael adduct 192 in 89% yield (Scheme 35}.^**^ 

Tf the sp'-hybridized carbon atom bears an eteccron- 
withdrawing group and a bromine atom, a very fast Br/Mg 
exchange reaction is usually observed (-40*C 15-60 min). 
This behavior is very general for alkenyi bromides of type 193 
(Y=CN, SOjPh. COifBu, and CONEtJ. which readily react 
with iPrMgBr to affording Grignard reagents of type 194. The 
reaction of 194 with electrophiles is not always stereoselec- 
tive,^ and produce a mixture of diastereolsomers of type 195^ 
although this method provides an efficient synthesis of tri- 
and tetrasubstituted alkenes 195a-d (Scheme 36).'"'"* 




189: 9S% 



Sdwme J4, Preparation of carbonykontalning alkenyi magnesium 
compounds. 
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Scheme 3S. Copperotalyzed Michae) additron of a functtonafized alkenyi magne- 
sium reagent. HMPAshexamethylphosphorainide. 



Remarkably, the conjugate addition of various Grignard 
reagents to the alkynyl nitrite 196 generates the stabilized and 
unreactive cyclic magnesium chelate 197, which after proto- 
nation furnishes the polyfunctionalized nitrile 198 
(Scheme 37). Fleming elal. showed that the reactivity of 
cyclic organomagpiesium reagents of the type 197 can be 
dramatically enhanced by generating an intermediate magr 
nesiate species 199. This magnesiate species now reacts with 
PhCHO» leading to the allylic diol 200 in 60% yield with 
complete retention of the stereochemistry of the double bond 
(Scheme 37).<'*J 



te Br 
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Scheme jfiL Functtonaltzed alkenyi magnesium compounds bearing an 
election-withdrawfng group at the a position. 
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Scheme j/, Functtonahzed alkenyl magnesium compounds obtained 
by carbomagnesiation of an alkyne. 



The I/Mg exchange of 2-iodo-4-chloro-1.butene (201) 
provides a functtonalized alkenyl magnesium species 202, 
which reacts in a highly diastereoselective manner with the 
magnesiated unsaturated nitrile 203 to provide the interesting 
bicycUc product 204 in 62% yield (Scheme 38).l''> 



O THF 
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39) 



204:62% 



Scheme Functionalned alkenyl magnesium compounds obtained 
by I/Mg exchange. 
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Scheme ^ Stereoselective prepanrtion of functionafixed cyctopiopyl 
magnesium compounds. 
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Sdieme^o. Reactions orfunctlonaltzed alkyi magnesium compounds. 



3,6. FUnttiontdiud A/fcyl Magnum Reagents 

Although the preparation of polyfunctionatized alkyl 
magnesium reagents may be envisioned, only a few examples 
have been reported j'*' The difficulties arise from the higher 
reactivity of the resulting alkyl magnesium compounds 
relative to that of alkenyK aryK or heteroaryl-magnesium 
species. Also, the rate of the iodino-magnesium exchai^e 
seems to be slower for alkyl derivatives. However, a range of - 
polyfunctionalized cyclopropyl magnesium compounds can 
be prepared by iodine-magnesium exchange.'"* Thus» the 
cyclopropyl iodoesters dr-205 and trans-205 are readily 
converted into the corresponding Grignard reagents cef-206 
and trans*206^ respectively. The formation of the magnesium 
organometallics 206 is stereoselective, and their reaction with 
benzoyl chlonde furnishes, after transmetalJation of 206 with 
CuCN-2 UOp^^ the expected cis- and /nms-l^-ketoesters 207 
in 73% and 65% yields, ^ respectively, with retention of 
configuration''^'" (Scheme 39). 

Interestingly, the radical cyclization of allylic p-iodoace- 
tals of type 208 was shown by Oshtma and co-workers to 
provide the corresponding organomagnesium compound 209 
in DME, which leads after iodolysis to the< primary alkyl 
iodide 210 (Scheme 40)J^^ Formation of perfluorinated alkyl 
Grignards is achieved through an exchange at low temper- 
ature in diethyl etherJ*'"' Perfluorinated Grignard reagents 
were recently used to functionalize a range of sugar deriva- 



tives such as 211, leading to the fluorinated sugar derivatives 
of type 212 in 64% yield with high stereoselectivity 
(Scheme 40)/*™! 



2.7. Functionatized Magnesium Carhenoids 

A pioneering bromine-magnesium exchange by Villieras 
et al.'^' allows the general preparation of magnesium carbe* 
noid&'*'^ A fast reaction allows- the preparation of sensitive 
cyclopropyl magnesium carbenoids such as 213 and 214, 
starting from the corresponding 1,1-dihalocyclopropanes 21S 
and 216. By performing the halogen-magnesium exchange in 
diethyl ether, a completely stereoselective exchange reaction 
is ol»erved. Quenching- of the magnesium carbenoids pro- 
ceeds with retention of configuration, providing the two 
diastereomeric products 217 and 21B, respectively, in yields of 
80 and 85 %, respectively (Scheme 41).^*^ 

Fiinctibnalized' acyclic magnesium carbenoids can be 
prepared in THF/KBP mixtures at low temperatures. Thus, 
the reaction of the bistodomethylcarboxylate 219 with 
iPrMgO in THF/NBP 'is complete within ]5min at 
_7goQ|imi -jijg resulting chiral biscarbenoid 220 is quenched 
with PhSSPh to give the bisadduct 221 in 70% yield 
(Scheme 42)J"°' Substituted magnesium carbenoids were 
prepared by using a sulfinyl/magnesium exchange reaction 
recently introduced by Satoh et al)^^^ Thus, the reaction of 
the sulfoxide 222 with iPrMgBr at -78X furnishes the 
desired magnesium carbenoid 223, which reacts with PhCHO 
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Seliemff 4t. Stereoselective preparation of cyclopropyt magnesium car- 
bcnoidSt 
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Scheme 4a. Preparation of functionalized acyclrc magnesium cadie* 
noids. NBP=N-butylpyrrotidinone. 



with excellent diastereoselectivity, providing the monopro- 
tected l^diol 224 in 61 % yield (d.r. = 93:7) (Scheme 42)}^^^ 



a;& funcUormliied Magnesium Itea^nts m Oms^up^ 

The availability of functionalized Gri^nard reagents 
considerably enhances the scope of these reagents for 
performing cross-coupling reactions. Especially interesting 
are aryl magnesium reagents that bear amino groups.^^*^^ A 
range of 2-aryl-l ,4-phenylenediamines of type 225 can be 
prepared starting from the bisimine 32; the I/Mg exchange is 
complete within 3 h at -10"C After transmetallation to the 
zinc reagent with ZnBrz. [Pd(dba)2] (5mol%), tfp 
(10mol%), and ethyl 5-bromo-2-fiiroate' (226) are added. 
The cross^oupling leaction is usually complete after 16h at 
2S^C leading to the 1,4-phenylenediamine 225 in 52% yield 
(Scheme 43)J'"I Nitro^ontaintng Grignard reagents such as 
227, which are prepared through iodine-magnesium^^^ 
exchange in THF with mesitylmagnesium bromide (105), 
smoothly undergo Negtshi cross-coupling reactions^ leading to 
polyfunctionalized nitroarenes 228. Hie mesityl iodide (229), 
wluch is generated in the iodine-magnesium exchange 
reaction, is unreactive under the conditions used in these 
cross*coupUngs (Scheme 43)J^^' 
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Sehtmt4$. Ooss<oup!ing with nitrogen-functionalized Crignard 
reagents. 



Functionalized Grignard reagents such as 230 directly 
undergo cross<coupling reactions with various 2~ha]opyri> 
dines 231 in the presence of catalysts. These remarkably 
fast cross^upling reactions required the presence of a Pd^ 
catalyst and are therefore not direct addition-elimination 
reactions of the Grignard reagent, the corresponding aryl 
zinc reagents also react more slowly. These reactions may 
proceed through the formation of an organopalladate'^°^' of 
the type [Mg^q'^^tArPdLJ", which undergo a fast addition- 
elimination reaction with the 2-chloropyndfne derivative 231, 
leading to the functionalized pyridine 232 in 87% yield 
(Scheme 44).'^*"^ This reaction can be extended to several 
hakyquinoIinesL'''^ 
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Scheme^ Pd<atal)rzed cross<oupling with Z-halopyridines. 
dppf— 1.V-Bls(diphenytphQS|dianiyl)ferrocene. 
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Qudguiner and co-workers found an interesting selectiv- co^ie 
ily^*"' in the CTOSs-coupling of bromosulfone 233. Thus^ 
PhMgQ reacts with the disubstituted pyndine 233 by direct 
substitution of the phenylsulfonyl group, leading to the 
bromopyridine 234 in 77% yield (Scheme 44). However, the 
use of a palladium catalyst allows the preparation of highly 
f unctionalized biaryl compounds of type 235J*"^ Analogously, 
the polyfunctionalized zinc reagent 237, which is obtained 
from the iodide 238 through l/Mg exchange followed by 
transmeiallation, reacts readily in the presence of the highly 
active palladium catalyst [PdC/BujP)]]'^^'^' under mild condi- 
tions to furnish the biaiyl oompoimd 236 in 87% yield 
(Scheme 45). 
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Scheme Cu-medfated cross^oupling reactions of fonctionalized 
aryl magnesium compounds. Piv«spivaloyl. 
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Scheme 4S- Pd<atalyzed cro$5<oupllng of highly functionalized aiyl 
zinc reagents. CbzabenzyloxycarbonyL 



The cross-coupting of functionalized aryl zinc compounds, 
obtained by iransmetallating the corresponding rriagnesium 
reagents, can be accomplished by using [Ni(acac)2] 
(10mol%) as the catalyst in (he presence of 4-trifIitQFome- 
thylstyrene or 4-fluorostyrene as promoter of the reductive 
elimination step. Under these conditions* the Grignard 
reagent 239 reacts with the iodothioketal 240, providing the 
desired cross-coupling product 241 in 72% yield 
(Scheme 46).<*"» 

An alternative to this Ni-catalyzed reaction is the 
corresponding copper-mediated reaction. In this case, the 
functionati2ed aryl magnesium species is transmetallated to 
the corresponding aiyl copper reagent with CuCN*2 UCP^ in 
the presence of trimethylphosphite (Scheme 47). This last 
additive confers an excellent stability to the copper reagent, 
which can be handled at room temperature under these 
conditions. Thus, the reaction of the magnesium species 10 



co^t 



(NHacaeMfiOmonb) 



CQ]Et 



naqulv) 
'Ifi *C,2h 



O 

241:73% 



Scheme 46, Ni*catalyzed crass-coupling between functionalized 
Crfgnard reagents and fundranalized alkyl iodides. 



with CuCN-2 LiO^l and P(0Me)3 furnishes the stable ar^ 
copper 242, which undergoes a smooth cross-coupling reac- 
tion with functionalized alkyl iodides such as the iodopivalate 
243. leading to the substitution product 244 in 89% yieldJ"'! 
Interestingly, reactive beniyltc hattdes undergo the cross^ 
coupling reaction in the presence of a catalytic amount of 
CuCN^2 liCl,^^ leading to diaryl methane derivatives such as 
245 (Scheme 47).l»"< 

The low cost and low toxicity of iron(iii) salts have allowed 
these complexes to be used with success in several cross- 
coupling procedures.'* Functionalized aryl magnesium 
species undergo efficient cross-coupling reactions with poly- 
functionalized alkenyl iodides such as 246 in the presence of 
[Fe(acac)3] (5mol%)» leading to the styrene derivatives of 
type 247 in 69% yield. Remarkably, the cross-coupling 
reaction is complete at -20*^0 within 15-30 min 
(Scheme 48).'"^ The aryl magnesium compound can bear 
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Scheme 48. Fe'"-caUlyzed crass-coupling reactions with (unc^alized 
aryl magnesium spedes. acac=ace^acetone. 

various elcctrophilic functions such as a nonaflate'*^^ (e.g. 
248); The iron(iii)^tatyzed cros&coupling reaction also 
proceeds smoothly, leading to the highly funaionatized 
nonaQate 249 in 73% yield (Scheme 48)J"^1 



5. Summary and Outlook 

The halogen-magnesium exchange reaction has opened 
new perspectives in organic synthesis. Many more functional 
groups than previously thought are compatible with organo- 
magnesium reagents. The mild condtions required for 
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halogen-magnesium exchange are ihe key for assuring a high 
funclional-group tolerance. This again places Grignard 
reagents in a central position in organic chemistry and 
opens fascinating new perspectives. The dramatic func- 
tional-group tolerance shows that organic chemists have 
only partially mastered the reactivity of organometallic 
reagents for the elaboration of complex organic molecules. 
More mild and general, environmentally and industrially 
friendly synthetic raethtkls invohring organometallic remain 
to be discovered/'"' 
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Abstract 

Cross-desensitization between ^-opioid receptor agonists and CC chemokines was shown to occur in immune cells and in the centra! 
nervous system. However^ these cells do not permit examination of potential mechanisms at cellular levels due to low levels and mixed 
populations of receptors. In this study, we investigated possible interactions and biochemical mechanisms of cross-desensitization between 
the fi^opioid and chemokine OCRS receptors coexpressed in Chinese hamster ovary (CHO) cells. Hemagglutinin (HA)>tagged [i-opioid 
receptor coimmunoprecipitated with FLAG (Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys)-tagged chemokine receptor CCR5 in cells 
expressing the two receptors, but not in a mixture of cells transfected with one of the two receptors, indicating that the two receptors form 
heterodimers. Treatment with the |x-opioid receptor agonist DAMGO ([o-Ala', A^-Me-Phe"*, Gly^-ol]-enkephalin), the chemokine RANTES 
(Regulated on Activation, Normal T cell-Expressed and -Secreted) (CCL5), or both, did not affect the level of coimmunoprecipitation. 
DAMGO and RANTES {CCL5) induced chemotaxis in CHO cells coexpressing both receptors, and preincubation with either DAMGO or 
RANTES (CCL5) profoundly inhibited chemotaxis caused by the other. DAMGO pretreatment enhanced phosphorylation of the chemokine 
CCR5 receptor and reduced RANTES {CCL5)-promoted [^^S]GTP7S binding. Conversely, RANTES (CCL5) preincubation slightly 
increased phosphorylation of the n-opioid receptor and significantly reduced DAMGO-induced [^^SlGTR-yS binding. These results indicate 
that activation of either receptor affected G protein coupling of the other, likely due to enhanced phosphorylation of the receptor. 
Heterodimerization between the two receptors may contribute to the observed cross-desensitization. 
© 2003 Elsevier B.Vl All rights reserved. 

Keywords: {i-Opioid receptor; OCRS chemokine receptor; Heterodimer; Cross-desensitization 



1. Introduction 

Opiates and opioids interact with specific , receptors to .=. 
produce unique physiological and pharmacological effects, 
most notably modulation of pain perception and regulation 
of mood. The presence of at least three types of opioid 
receptors — jii, 6, and k — ^was established in the j970s and 
1980s by pharmacological, binding, and anatomical distri- 
bution analyses. 6, and k opioid receptors have been 
cloned (for reviews, see Kiefter, 1995; Knapp et al., 1995). 
Activation of opioid receptors, coupled via pertussis toxin 
(PTX)-sensitive G proteins, induces a number of cellular 
effects, includmg inhibition of adenylyl cyclase, increase in 
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conductance and decrease in Ca^^ conductance, and 
stimulation of the p42/p44 mitogen-activated protein 
(MAP), kinase pathways, (for a review, see Law et al, 
2000), 

Exposure to opiates and opioids has been reported to 
inhibit cellular immune responses and induce chemotactic 
responses in immune cells (for reviews, see Peterson et al, 
1998; McCarthy et al., 2001). These effects on the immune 
system may contribute to impaired immune function (£>es 
Jarlais et al., 1988) and a higher rate of infection by the 
human immunodeficiency virus (HIV) in chronic heroin 
users (Holmberg, 1996). These effects are, at least in part, 
mediated by opioid receptors as the mRNAs of ^, 6, and k 
opioid receptors have been shown to be present in immune 
cells (for a review, see McCarthy et al., 2001). 

Chemokines and chemokine receptors play crucial roles 
in the functions of the immune system, including leukoc3^e 
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development, and function and clearance of infectious 
organisms. Chemokine receptors CCR5 and CXCR4 act 
as major coreceptors, along with CD4, for the entry of HIV 
into cells (Cairns and D'Souza, 1998), In addition, recent 
studies have shown that chemokine and chemokine recep- 
tors are present in the central nervous system and play 
important roles in brain development, regulation of neuro- 
transmission, and pathophysiological states in which inflam- 
mation persists (Bajetto et al., 2002). To date, 19 chemokine 
receptors have been identified, and many chemokines bind 
to multiple receptors and most chemokine receptors recog- 
nize several chemokines (for a review, see Proudfoot, 2002). 
Activation of chemokine receptors, coupled via G proteins 
(Gj/o, Gq, and G/a) (Arai and Charo, 1996), results in 
cellular effects such as inhibition of adenylyl cyclase (Zhao 
et al., 1998); stimulation of phospholipases A, C, and D; 
activation of p42/p44 MAP kinases; stimulation of phos- 
phatidylinositol-3 -kinase; and enhancement of nonreceptor 
tyrosine kinase activities (for reviews, see Bokoch, 1995; 
Maghazachi, 1999). 

Opioid treatment of immune cells desensitized the che- 
motactic response induced by several chemokines; in turn, 
pretreatment with some chemokines reduced the chemotaxis 
induced by some opioids (Grimm et al., I998a,b; Choi et al., 
1999; Rogers et al., 2000; Miyagi et aL, 2000). Heterolo- 
gous desensitization of CCR5 may reduce susceptibility to 
HIV infection (Caims and D^Souza, 1998; Shen et al„ 2000; 
Szabo et al., in press). In addition, administration of some 
chemokines into the periaqueductal gray of the rat brain 
reduced the antinociceptive effects of ^-opioid receptor 
agonists (Szabo et aL, 2002). Cross-talk between the opioid 
and chemokine systems may serve as a modulatoiy mech- 
anism to fine-tune cellular function (for a review, see 
McCarthy et al., 2001). 

Like many other G protein-coupled receptors (GPCRs), 
both the ^-opioid and chemokine CCR5 receptors are 
desensitized following prolonged agonist exposure (Zhang 
et al., 1996; Aramori et al, 1997). Two major types of 
desensitization have been characterized: homologous and 
heterologous. In homologous desensitization, only the acti- 
vated receptor is desensitized, while in heterologous desen- 
sitization, activation of a receptor causes reduced- 
responsiveness of another receptor. Homologous desensiti- 
zation of GPCRs shares similar mechanisms; however, the 
mechanisms underlying heterologous desensitization of 
GPCRs are less uniform. Multiple processes may be in- 
volved in heterologous desensitization, including changes at 
the levels of receptors, G proteins, and second messenger 
patiiways (Ali et al., 1999; Willars et al, 1999). 

GPCRs have been shown to form dimers with the same 
receptor or a different receptor (for reviews, see Milligan, 
2001; Devi, 2001; Angers et al, 2002). ji-Opioid receptors 
undergo heterodimerization with several GPCRs including 
the 6-opioid and |32-adrenergic receptors. The ligand bind- 
ing, signaling properties, and cellular function of a number 
of GPCRs have been reported to be modified as a result of 



receptor dimerization (for reviews, see Milligan, 2001; 
Devi, 2001; Angers et al., 2002). 

In the present study, we investigated whether the 
opioid and the chemokine CCR5 receptors formed hetero- 
dimers, and examined the early cellular signaling events 
following agonist binding, which may contribute to receptor 
cross-desensitization. We were not able to conduct such 
studies b immune cells and the central nervous system 
where cross-desensitization between opioids and chemo- 
kines has been reported, since these cells contain low levels 
of a heterogeneous population of opioid and chemokine 
receptors. The low levels of receptors do not penrnit bio- 
chemical characterization and the presence of several dif- 
ferent chemokine and/or opioid receptors does not lend 
themselves to the unequivocal characterization of actions 
at a specific receptor type. We thtis used a cell model, 
Chinese hamster ovaiy (CHO) cells stably coexpressing the 
CCR5 and pi-opioid receptors, for the study. 

2. Materials and methods 

2./. Materials 

[^^SjGTP'yS (- 1250 Ci/mmol), [^H]diprenorphine 
( - 58 Ci/nmiol), and [^^P]orthophosphate ( - 8500 Ci/ 
mmol) were purchased from Perkin Elmer Life Science 
(Boston, MA) and [*^^I]MIP-la was fi-om Amersham 
Pharmacia Biotech (Piscataway, NJ). Naloxone was a gift 
fi-om DuPont/Merck (Willmington, DE). Rabbit anti-FLAG 
polyclonal antibody (F-7425), Dulbecco's modified Eagle's 
medium, GDP, and GTP7S were obtained fi-ora Sigma 
(Louis, MO). The following reagents were purchased fi:om 
die indicated companies: phospho-p44/42 MAPK antibody 
and HRP-conjugated antirabbit IgG (^-immunoglobulin) 
from New England Biolaboratories (Beverly, MA); 
DAMGO from Research Biochemicals International 
(Natick, MA); human RANTES (CCL5) fi*om PeproTech 
(Rocky Hill, NJ); 48-well microchemotaxis chamber fi-om 
NeuroProbe (Gaithersbuig, MD); Pansorbin from Calbio- 
chem (San Diego, CA); geneticin from Mediatech (Hem- 
don,, VA); fetal calf serum fi-om Hyclone (Logan, UT); 
Lipofectamine, hygromycin B, penicillin, streptomycin, 
and Hank's balanced salt solution from Invitrogen (Carls- 
bad, CA); Complete Mini Protease Inhibitor Cocktail 
Tablets™, Ml, and M2 anti-FLAG monoclonal antibodies 
fi-om Roche Diagnostics (Mannheim, Germany); Super- 
Signal chemiluminescent reagent fix)m Pierce (Rockford, 
IL); PE-conjugated anti-CCR5 (2D7/CCR5) antibody firom 
BD Pharmingen (San Diego, CA); mouse anti-hemagglu- 
tinin (HA) monoclonal antibody (HA. II), horseradish 
peroxidase-conjugated goat antimouse, and antirabbit IgG 
ifrom Jackson ImmunoResearch Laboratory (West Grove, 
PA). 

The hxmian chemokine receptor CCR5 cDNA clone was 
obtained from the AIDS Research and Reference Reagent 
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Program, Division of AIDS, NIAID, NIH. The clone was 
originally donated by Dr. Nathaniel Landau of the Aron 
Diamond AIDS Research Center, The Rockefeller Univer- 
sity. The CCR5 cDNA was epitope-tagged with FLAG at 
the N-terminus. The rat ji-opioid receptor cDNA clone 
(Chen et al., 1993) was a gift from Dr. Lei Yu of the 
University of Cincinnati and was tagged with HA at the N- 
terminus {Xu et al., 1999). 

2.2. Coimmunoprecipitation of the fi-opioid and chemokine 
CCR5 receptors 

CHO cells stably expressing HA-tagged rat fi-opioid 
receptor (HA-|i) 0i72) were transiently transfected with the 
FLAG-CCR5 (FLAG-tagged chemokine CCR5 receptor) 
cDNA with Lipofectamine. In parallel, CHO cells were 
similarly transfected with the FLAG-CCR5 cDNA. Forty- 
eight hours after transfection, cells transfected with both in- 
opioid and chemokine CCR5 receptors (CHO-HA-n/ 
FLAG-CCR5) and a mixture of CHO-HA-^ and CHO- 
FLAG-CCR5 cells were harvested and solubilized in NIT 
solution (1.2% NP-40, 0.1 M iodoacetamide, 0.15 M 
NaCl, 20 mM Tris HCl, pH 7.4, and Complete Protease 
Inhibitor Cocktail™) for 1 h at 4 °C. The mixtures were 
centrifiiged and filtered through 0.22-^M membranes, and 
the solubilized materials were incubated with rabbit poly- 
clonal antibodies against FLAG (F7425) at 5 fig/ml for 1 
h at 4 X followed by Pansorbin (final 1/200) at 4'°C for 
1 h. The mixture was centrifiiged and the pellets were 
washed three times by centrifugation and resuspension. 
Immunoprecipitated materials were dissolved in Lammeli 
sample buffer containing 0,1 M DTT (dithiothreitol), 
subjected to 8% sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) (Chen et al., 1995), and 
transferred onto nitrocellulose membranes. Nitrocellulose 
membranes were treated with blocking solution and incu- 
bated with a monoclonal antibody against HA at 1:2000 
dilution, and then goat antimouse IgG was conjugated with 
horseradish peroxidase at 1:4000 and reacted with chemi- 
luminescence Western blotting detection reagents. The 
nitrocellulose membranes were then stripped and immuno- 
blotting was carried out to assess the ampxmt of FLAGr 
CCR5 immunoprecipitated Avith Ml mouse monoclonal 
antibodies against FLAG and goat antimouse IgG conju- 
gated with horseradish peroxidase. In addition. Western 
blot was performed on the solubilized materials (without 
immunoprecipitation) with a monoclonal antibody against 
HA to assess the amounts of the HA rat |x-opioid receptor 
in the coexpressing cells and in the cell mixtures. 

In a separate series of experiments, HA rat ji-opioid 
receptor was immunoprecipitated with rabbit antiserum 
against a C-terminal domain peptide (383-398) of the rat 
U-opioid receptor (anti-RMOR) (1:500) (Chen et al., 1996) 
and immunoblotting was performed with M2 mouse mono- 
clonal antibodies against FLAG (1 :2000) according to die 
procedure described above. 



2.3, Stable coexpression of the propioid and FLAG-CCR5 
receptors in CHO cells 

CHO cell clones stably expressing the rat |x-opioid 
receptor in the vector pcDNA3/neomycin (Li et aL, 
1999) were transfected with the FLAG-<:CR5 in the vector 
pcDNA3/hygromycin B using Lipofectamine. Forty-eight 
hours after transfection, cells were grown under the 
selection pressure of geneticzn (I mg/ml) and hygromycin 
(0.5 mg/ml) in D?VfEM/F12 (Dulbecco's modified Eagle's 
medium/F12 HAM) supplemented with 10% fetal calf 
serum in a humidified atmosphere with 5% CO2 at 37 
°C. Two weeks later, cells were transferred into 96-well 
plates at an average of 1 cell/well and, upon reaching 
confluence, clonal cells were transferred into 24-well 
plates in quadruplicate (three for experiments and one in 
a separate plate for propagation). Agonist-induced p42/p44 
MAP kinase phosphorylation was used to screen for stable 
expression of both receptors. Briefly, when cells were 
about 80% confluent, the medium was aspirated and cells 
were washed, cultured in DMEM/F12 supplemented with 
0.5% fetal calf serum, and incubated at 37 ^C with 5% 
CO2 for 2 h to reduce basal p42/p44 MAP kinase 
phosphorylation. DAMGO (10 ^M), RANTES (CCL5) 
(10 nM), or mediimi was added to one well each and 
incubated for 10 min. The ligands were removed by 
aspiration and 2 x Laemmli sample buffer was added to 
the three wells [DAMGO, RANTES (CCL5), and blank], 
transferred to 1.5-ml Eppendorf tubes, and boiled imme- 
diately. Samples were analyzed by Western blot using 
phospho-p44/42 MAPK antibody according to the ven- 
dor's instructions (New England Biolaboratories). Clonal 
cells showing enhanced p44/42 MAP kinase phosphoryla- 
tion by DAMGO and RANTES (CCL5) indicate coex- 
pression of MOR and FLAG-CCR5, which was further 
confirmed by receptor binding with [^H]diprenorphine and 
[^^^I]macrophage inflammatory protein-ip (MIP-lp). Se- 
lected clonal cells were maintained in DMEM/F12 with 
0.5 mg/ml geneticin and 0.2 mg/ml hygromycin. Cells 
were harvested for experiments by use of Versene solution 
(0.54 mM ethylenediaminetetraacetic acid, 0.14 mM NaCl, 
2.7: mM: KGl, 8.1. mM Na2HP04„ 1.46 mM KH2PO4, 1 
mM glucose, pH 7.0). 

2.4, Opioid receptor binding and internalization 

Cell membranes were prepared as previously reported 
(Chen et al., 1 996). Binding was carried out in 50 mM Tris- 
HCl buffer containing 1 mM EGTA (pH 7.4) at room 
temperature for 1 h in duplicate in a final volume of 1 ml 
with 10-20 |Ag of membrane protein. Saturation binding of 
[^^H]diprenorphine to the ^-opioid receptor was performed 
with at least six concentrations of [^^HJdiprenorphine (rang- 
ing from 25 pM to 2 nM), and and f ^ax values were 
determined. Competitive inhibition of ["^Hldiprenorphine 
binding to the \i receptor was performed Avith 0.4 nM 
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pH]diprenorphine in the absence or presence of different 
concentrations of DAMGO, and Ki values of DAMGO were 
determined. Naloxone (1 fiM) was used to define nonspe- 
cific binding. Binding data were analyzed with the EBDA 
program (McPherson, 1983). 

For internalization studies, receptor binding was per- 
formed on intact cells with --^ 1 nM [^H]diprenorphine in 
phosphate-buffered saline (PBS; pH 7.2). Nonspecific bind- 
ing was defined with 1 |nM naloxone for the total receptors 
and 5 \iM CTAP (Cys^, Tyr^, Arg^, and Pen'^Amide) for the 
cell surface receptors. The difference between the total 
receptors and the cell surface receptors represents intracel- 
lular receptors. 

2 J. CCR5 binding 

CCR5 binding assay was performed on intact cells 
according to a modification of the procedure described by 
Samson et al. (1996). Cells (7.5 x 10"* cells/tube) were 
incubated with [^^^I]M1P-Ip (0.1 nM) and various concen- 
trations of unlabeled MlP-lp (fi-om 2 to 64 nM) at room 
temperature for 45 min, centrifliged at 4000 x ^ at 4 °C for 
5 min, and washed two times by resuspension and centri- 
fugation. Radioactivity associated with cells was measured 
in a gamma counter and binding data were analyzed with the 
EBDA program (McPherson, 1983). 

2.6, Chemotaxis 

The analysis of chemotaxis was performed by standard 
procedures (Grimm et al., 1998a) in a 48-well microche- 
motaxis chamber Briefly, cells were incubated in RPMI- 
1640 medium containing 1% bovine serum albumin (BSA) 
and 25 mM HEPES in the upper chamber, and the chemo- 
attractant was loaded in the bottom chamber in the same 
medium, separated by a polyvinylpyrrolidone-fi^e 5-|im 
pore size membrane. Migration in response to DAMGO or 
RANTES (CCL5) was allowed for 90-180 min at 37 X in 
5% CO2. The membranes were then removed from the 
chamber, the upper side was washed and scraped, and the 
membranes were fixed and stained. The results are 
expressed as the chemotaxis index (mean number, of ceils, 
per high-power field for chemoattractant dilution/mean 
number of cells for the medium control). 

2.7, [^^SJGTP^/S bifiding 

Cells were treated with or without the chemokine 
agonist RANTES (CCL5) or the |j.-opioid receptor agonist 
DAMGO for an indicated period at 37 °C. Cells were 
then collected and membranes were prepared in the 
presence of 10 mM NaF and 10 mM Na pyrophosphate 
to inhibit phosphatases (Zhu et al., 1998). [^^SJGTP^S 
binding was performed as described previously (Li et al, 
2001). Briefly, membranes (containing 10-20 ng of 
proteins) were incubated with 15 |iM GDP and - 0.2 



nM [ S]GTP7S in the presence or absence of a drug in a 
reaction buffer (50 mM HEPES, 100 mM NaCi, 5 mM 
MgClz, 1 mM EDTA, and 0.1% BSA) in a final vohirae 
of 0.5 ml. Nonspecific binding was determined in the 
presence of 10 |iM GTP7S. After 60 min of incubation at 
30 **C, bound and fi-ee ["S]GTP7S were separated by 
filtration with GF/B filters under reduced pressure and the 
filter was washed. Radioactivity in filters was determined 
by liquid scintillation coimting. 

2:8, Phosphorylation of opioid and chemokine receptors 

Phosphorylation of opioid and chemokine receptors was 
conducted according to a procedure described previously 
(Carman et al, 2000). CH0-M0R/FLAG-CCR5 cells were 
grown to confluence in six-well plates and two wells of 
cells were combined for each assay. Cells were washed 
twice with phosphate-fi*ee DMEM and incubated at 37 *C 
for 2 h with I ml/well phosphate-fi^e DMEM containing 
500 ^Ci/ml [^^P]orthophosphate. RANTES (CCL5) or 
DAMGO was then added and incubated for 10 min at 
37 °C and washed three times with ice-cold PBS. All 
subsequent steps were carried out at 4 ''C. Cells were 
solubilized for 2 h with 0.4 ml/well of solubilization buffer 
(2% digitonin, 0.5% sodium deoxycholate, 5 mM EDTA, 
10 mM sodium pyrophosphate, 10 mM NaF, 20 nM 
calyclulin A, and I tablet/ 10 ml Complete Protease Inhib- 
itor Cocktail™). Solubilized mixtures were centrifliged and 
the supematants were precleared by incubation with Pan- 
sorbin and normal rabbit serum for 1 h. For immunopre- 
cipitation of the opioid or chemokine receptors, the 
supernatant was incubated overnight with rabbit antiserum 
against a C-terminal domain peptide (383-398) of the rat 
^-opioid receptor (2 jiil for 0.8 ml) (Chen et al., 1996) and 
the rabbit anti-FLAG antibodies (4 |ag for 0.8 ml), respec- 
tively, followed by Pansorbin (final 1/200) at 4°C for 1 h. 
The suspension was centrifliged at 9000 x g and the pellet 
was washed three times with solubilization solution by 
centrifiigation and resuspension. The pellet was dissociated 
in 2 X Lammeli sample buffer and subjected to 7% SDS- 
PAGE and autoradiography. 

2.P. Internalization ofFIAG-CCRS 

CH0-M0R/FLAG-CCR5 cells were harvested, washed, 
and resuspended in a medium containing RPMl-1640, 25 
mM HEPES, glutamine, and 1% BSA, Cells were treated 
with 1 nM DAMGO or 12.5 nM RANTES (CCL5) and 
incubated for 30 min at 37 °C, washed with cold Hank's 
balanced salt solution with 2% endotoxin-free fetal calf 
serum, and resuspended in the same solution. Subsequently, 
cells were incubated with normal goat serum at 4 °C for 30 
min to block nonspecific binding. Cells were treated with 
PE-conjugated anti-CCR5 (2D7/CCR5) antibody, incubated 
at 4 **C for 45 min, washed, and analyzed in a Coulter Epics 
XL flow cytometer (Coulter, Hialeah, FL). 
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3. Results 

3.1. Heterodimerization of the fi-opioid receptor and the 
chemofdne receptor CCR5 

CHO-HA->i cells expressed - 0,5 pmol/mg protein of 

HA-tagged ^-opioid receptor as determined by [^H]dipre- 
norphine binding. FLAG-CCR5 cDNA was transfected 
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Fig- I . Coimmunoprecipitation of the chemokine CCR5 receptor and the |i- 
opioid receptor in CHO cells cotransfected with both receptore. CHO cells 
or CHO ceils stably expressing HA-n were transiently transfected with the 
cDNA construc[ of the FLAG-CCRS receptor. Forty-eight houre later, 
CHO-HA-M/FLAG-CCR5 cells (lane 2) and a mixture of CHO-HA-n and 
CH0-FLAG-CCR5 cells (Lane I) were sohibilized. (A) Solubilized 
materials were immunoprecipitated with rabbit anti-FLAG antibody 
(F7425) and Pansorbin. ImmunopTecipitated materials were dissolved in 
Lammeli sample buffer containing 0.1 M DTT and resolved with SDS- 
PAGE; immunoblotting was perfonned with a monoclonal antibody against 
HA; and the goat antimouse IgG was conjugated, with horseradish 
peroxidase and reacted with enhanced chenailuminescence detection 
reagents. (B) Solubilized materials were resolved with SDS-PAGE and 
immunoblotting was carried out with a monoclonal antibody against HA to 
detect the HA-n-opioid receptor. Note that the levels of the n receptor were 
similar in both lanes. (C) Membranes shown in (A) were stripped and 
reblotted with a monoclonal antibody against FLAG to detect immunopre- 
cipitated FLAG-CCR5 receptor Note that the levels of immunoprecipitated 
CCR5 receptor were similar in both lanes. (D) Solubilized materials were 
immunoprecipitated with rabbit anti-RMOR(383-398) and resolved on 
SDS-PAGE, and immunoblotting was carried out with M2 mouse 
monoclonal antibody against FLAG to detect FLAG-CCR5. The chemo- 
kine CCRS receptor was detected in CHO-HA-ji/FLAG-CCRS cells Qsme 
2), but not in the mbcnire of CHO cells expressing HA-m or FLAG-CCRS 
individually (lane 1). Each figure represents one of the three or four 
experiments performed with similar results. 
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Fig. 2. EfTects of agonist treatment on coimmunoprecipitation of the 
chemokine. CCRS receptor.and the ^-opioid receptor. CHO cells stably 
transfected \vith HA-^ were transiently transited with the cDNA construct 
of FLAG-CCRS. Forty-eight hours later, cells were left untreated or treated 
at 37 »C with DAMGO (1 pM), RANTES (CCL5) (12.5 nM or 100 ng^mi), 
or DAMGO (1 ^M) and RANTES (CCLS) (12.S nM) for 30 min, washed, 
detached with ice-cofd Versene, and solubilized. (A-C) Solubilized 
materials were subjected to immunoprecipitation and immunoblotting as 
described in Fig, 1 A-C. The figure represents one of the three experiments 
performed with similar results. 



into CHO or CHO-HA-jn cells to approximately 1 pmol/ 
10^ cells. CH0-HA~|i/FLAG-CCR5 cells, or a mixture of 
CHO-HA-|i and CHO cells transfected with the FLAG- 
CCRS receptor was solubilized and incubated with anti- 
FLAG antibody to immunoprecipitate FLAG-CCR5, and 
immunoprecipitated materials were resolved by SDS- 
PAGE followed by immunoblotting with anti-HA antibody 
to detect the HA-|ii receptor. In cells coexpressing the HA- 
ji and FLAG-CCR5 receptors, the |i-opioid receptor 
coimmunoprecipitated with the chemokine receptor 
CCRS (Fig. lA), indicating formation of heteiodimers or 
oligomers. In contrast, in a mixture of cells individually 
expressing HA-jx or FLAG-CCRS receptors, the \i recep- 
tor was not coimmunoprecipitated with the CCRS (Fig. 
lA), even though the level of the ^.-opioid receptor and 
the amount of immunoprecipitated CCRS were similar 
(Fig. IB and C), These results indicate that that the 
heterodimers were not formed during solubilization/immu- 
noprecipitation procedures. 

To confinn the finding, we carried out experiments using 
rabbit antiserum against a peptide of the C-terminal domain 
(383-398) of tfie rat |ii-opioid receptor (Chen et aL, 1996) to 
immunoprecipitate the |Li-opioid receptor, followed by im- 
munoblotting with a mouse monoclonal antibody against the 
FLAG epitope. In CHO cells expressing both HA-ji and 
FLAG-CCRS, there was a FLAG-immunoreactive protein 
band (Fig. ID), indicating that FLAG-CCRS immunopreci- 
pitates with the |Li-opioid receptor. In contrast, in mixtures of 
CHO cells expressing HA-^ or FLAG-CCRS individually, 
there was no FLAG-immunoreactive band (Fig. ID). 




Fig. 3. Bidtrecdonal cross-desensitization of the ti-opioid receptor and the chemokine receptor CCR5 in agonist-induced cheraotaxis in CHO-MOR/FLAG- 
CCR5 cells. Cells were pretreated with either (A) DAMGO (10 nM) or (B) RANTES (CCL5) (100 ng/ml, 12.5 nM) or naloxone (I \iM) for 30 rain. Migration 
of cells in response to (A) RANTES (CCL5) or (B) DAMGO was assayed as described in Materials and Methods. Results are expressed as cheraotaxis index 
[mean number of cells per high-power field for DAMGO or RANTES (CCL5Vmean number of cells per high-power Md for medium]. Each value represents 
the mean ± S.E.M. of three or four independent experiments performed, in duplicate. ... 



Treatment of CUO-UA-n/FLAG-CCRS cells with 
DAMGO, RANTES (CCL5), or both did not change the 
amount of the |i-opioid receptor coimmunoprecipitated with 
the chemokine CCR5 receptor (Fig. 2 A). The level of the n- 
opioid receptor and the amount of immunoprecipitated 
chemokine CCR5 receptor were similar in the control and 
treatment groups (Fig. 2B and C). 

3.2. Establishment of CHO-MOR/FLAG-CCRS cell lines 

In our experience, stably transfected cell lines, but not 
transiently transfected cells, yielded consistent results for 
chemotactic responses, [^^S]GTP7S binding, and receptor 
phosphorylation. We thus established CHO-MOR/FLAG- 
CCR5 cell lines to assess the functional cross-desensitiza- 
tion between the chemokine receptor CCR5 and the |i- 
opioid receptor. Saturation binding with the radioligand 
[^HJdiprenorphine demonstrated a value of 0.2 nM and 
a ^max value of 2.2 pmol/mg membrane protein for the rat 
[i-opioid receptor. In addition, saturation binding of the 
agonist [^^^I]MIP-lp to the CCR5 in intact cells exhibited 
a ATd value of 13.1 nM and a B^^ of 1,43 pmol/10^ cells. 
No specific radioligand binding was detected in untrans- 
fected CHO cells and no ligand cross-reactivity could be 
detected in single-receptor transfected CHO cells (data not 
shown). 



Table 1 

Effect of DAMGO pretreatraent on and values of ['^*r|MIP-ip 
binding to CCR5 in CHO-MOR/FLAG-CCR5 cells 





^d(nM) 


Bm^ (pmol/10* cell) 


Control 


13.1 ± 1.47 


1.43 ±0.18 


DAMGO-treated 


11.9 ±0.42 


1.38 ±0.11 



Intact cells were preincubated with or without 1 |iM DAMGO for 30 min at 
37 *C. Binding was performed with 0.1 nM ['^^I]MIP-ip and 2-64 nM 
MIP-l 1^ (seven concentrations) at room temperature for 45 nun, and and 
^max values were determined. Data are expressed as mean ± S.E.M. of three 
independent experiments performed in duplicate. 



3.3, Chemotaxis 

CH0-M0R/FLAG-CCR5 cells exhibited robust chemo- 
tactic responses to both RANTES (CCL5) and DAMGO 
(Fig. 3). CHO-MOR/FLAG-CCR5 cells failed to manifest a 
chemotactic response to DAMGO following pretreatment 
with the opioid receptor antagonist, naloxone (Fig. 3B), 
indicating that the chemotactic response to DAMGO is 
mediated by the ^-opioid receptor. In contrast, naloxone 
failed to aker the chemotactic response induced by RANTES 
(CCL5). CHO-MOR/FLAG-CCRS cells pretreated with 
DAMGO failed to exhibit a chemotactic response to 
RANTES (CCL5) (Fig. 3A). Likewise, CHO^MOR/FLAG- 
CCR5 cells preincubated with RANTES (CCL5) foiled to 
manifest a chemotactic response to DAMGO (Fig. 3B}. 

3.4. Receptor affinity and number 

Next we examined whether changes in receptor affinity 
and number occurred during cross-desensitization. Pretreat- 
ment of CH0-M0R/FLAG-CCR5 cells with DAMGO did 
not affect the and ^^ax values of [^-^I]MIP-ip binding to 
CCR5 in intact cells {Table 1). In addition, RANTES 
(CeL5)' pretreatment did not change significantly either 



Table 2 

Effect of RANTES (CCL5) pretreatment on Ki and 5„,« values of DAMGO 
in inhibiting [^HJdiprenorphine binding to the M-opioid receptor in 
membianes 







^max (pmol/mg protein) 


Control 


4.94 ±1.38 


2.20 ±0.10 


RANTES (CCL5)-treat«i 


5.19 ±1.26 


2J27±0.15 



CH0-M0R/FLAG-CCR5 cells were pretreated with 625 nM (50 ng^ml) 
RANTES (CCLS) for 30 min at 37 and membranes were prepared. 
Compe^A'dve inhibition by DAMGO of [^Hjdiprenorphine binding to the 
opioid receptor was perfonned on niembranes, and K\ and ^^ax values were 
calculated. Results are expressed as mean ± S.E.M. of four independent 
experiments performed in duplicate. 
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Fig, 4. Effects of DAMGO pretreatment on RANTES (CCL5)- and DAMGO-stimulated p^S]GTP7S binding. CHO-M0R/FLAG-CCR5 cells were incubated 
witbcNit (controJ) or with I «iM DAMGO for 10, 20, or 40 min at 37 "C. Cells were washed, membranes were prepared, and P'SJGTPtS binding was 
performed in the presence of different concentrations of DAMGO or RANTES (CCL5} as described in Materials and Methods. Each vahie represents the 
mean ± S.E.M. of three or four independent experiments performed in di^licate. Basal [^^S]GTPyS binding ( - 1 50 fmol/mg protein) did not difier among the 
control and the treatment groups and was subtracted from the binding data. The ECso and maximal levels of [^^S]GTF-yS binding for RANTES (CCLS) and 
DAMGO are presented in Table 3. 



die Kd or ^niax of [^HJdiprenorphine binding to the ji-opioid 
receptor (data not shown), or the K-, or 5„ax values of 
DAMGO binding to the ^-opioid receptor in membranes 
(Table 2). 

3.5. Receptor-G protein coupling 

[^^SIGTP-yS binding assay has been widely utilized to 
assess the agonist-dependent activation of PTX-sensitive G 
proteins mediated by a number of GPCRs including the |x- 
opioid and chemokine CCR5 receptors (Traynor and Nahor- 
ski, 1995; Zhao et al., 1998). We examined whether 
receptor~G protein coupling was affected during cross- 
desensitization. Both RANTES (CCLS) and DAMGO in- 
duced a dose-dependent increase in [^^SJGTPtS binding 
(Figs. 4 and 5), whereas no significant DAMGO- or 
RANTES (CCL5)-dependent effect upon [^^SJGTP-yS bind- 
ing was detected in untransfected CHO cells. 



Pretreatment of CHO-MOR/FLAG-CCR5 cells with 
DAMGO reduced the maximal responses of RANTES 
(CCL5)- and DAMGO-promoted [^^SJGTP^S binding and 
increased the EC50 value of DAMGO, without affecting the 
EC50 value of RANTES (CCL5) (Fig. 4, Table 3). In 
contrast, pretreatment of cells expressing only FLAG- 
CCR5 with DAMGO did not affect the EC50 or B^^ values 
of RANTES (CCLS) in enhancing [^^S]GTP7S binding 
(data not shown). 

Preincubation with RANTES (CCLS) attenuated the 
maximal responses of RANTES (CCLS)- and DAMGO- 
promoted [^^S]GTP7S binding and increased the EC50 value 
of RANTES (CCLS), without affecting the EC50 value of 
DAMGO (Fig. S, Table 4). Dicreasing pretreatment intervals 
(from 10 to 20 or 40 min) did not enhance the extent of 
desensitization (Figs. 4 and 5, Tables 3 and 4). However, 
preincubation of cells expressing the |Li-opioid receptor alone 
with RANTES (CCLS) did not affect the EC50 or 5^ 




RANTES ConcentraWon (M) DAMGO Concentration (M) 



Fig. 5. Effects of RANTES (CCLS) pretreatment on DAMGO- and RANTES (CCL5>promoted [^^SJGTP^S binding. CH0-M0R/FLAG-CCR5 cells were 
treated without (control) or with 6.25 nM (50 ng/ml) RANTES (CCL5) at 37 "C for 10, 20, or 40 min. Cells were washed, membranes were prepared, and 
['*S]GTP7S binding was perfbnned in the presence of different concentrations of DAMGO or RANTES (CCL5). Each value represents mean ± S.fi.M. of 
three or four independent experiments in duplicate. Basal ['^^S]GTP7S binding ( - 150 finol/mg protein) did not differ among the control and the treatment 
groups, and was subtracted from the binding data. EC50 and maximal binding of P^SJGTPtS binding induced by RANTES (CCL5) and DAMGO are shown in 
Table 4. 
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Table 3 

EC50 and fmax values of RANTES (CCL5) and DAMGO in promoting 
l'^S3GTP7S binding following DAMGO pretreatment 



DAMGO- 


RANTES (CCL5) 




DAMGO 






pretreated 


EC50 




n 


EC50 




n 




(nM) 


protein) 




(nM) 


{fmoVmg 

protein) 




Control 


1.20 ±0.22 


323.0 ± 52.6 


3 


66.5 ± 12.1 


329.0 ±14.5 


4 


10 min 


0.97 ± 0.05 


198.7 ± 14.7 


3 


173.2 + 23.1 


230.3 ± 10.1 


3 


20 min 


0.89 ±0.12 


189.3 ± 17.1 


3 


211.1 ±38.2 


253.8 ±6.6 


4 


40 min 


1.2810.11 


190.7 ±16.1 


3 


247.9 ±18.9 


240.3 ± 16.1 


4 



See Fig. 4 legend. 

values of DAMGO in enhancing [^^SJOTP-yS binding (data 
not shown). 

These results indicate that pretreatment with either 

DAMGO or RANTES (CCL5) reduces the ability of the n- 
opioid and chemokine CCR5 receptors to activate G proteins. 

3.6. Receptor phosphorylation 

Attenuation of receptor-G protein coupling niay be due, 

in part, to receptor phosphorylation, which has been impli- 
cated in heterologous desensitization (Ali et al., 1999). We 
thus examined whether RANTES (CCL5) or DAMGO 
treatment could induce phosphorylation of the |a-opioid 
and/or chemokine CCR5 receptor(s). Preincubation with 
DAMGO, in addition to enhancing the phosphorylation of 
the fx-opioid receptor, significantly elevated phosphorylation 
of the CCR5 (Fig. 6). Likewise, RANTES (CCL5) pretreat- 
ment increased phosphorylation of both the CCR5 and the 
^-opioid receptor {Fig. 6). However, the extent of phos- 
phorylation of the fi-opioid and chemokine CCR5 receptors 
induced by RANTES (CCL5) and DAMGO, respectively, 
was less than those induced by the cognate agonists (Fig. 6). 
Molecular weight ranges of the |i-opioid and chemokine 
CCR5 receptors were similar to those previously reported 
(Chen et al, 1995; Zhang et al., 1996; El Kouhen et al, 
1999; Oppermann et al., 1999; Carman et ah, 2000). 

i. 7. Receptor internalization 

Pretreatment with DAMGO for 30 min caused inter- 
nalization of 25 + 5% (mean ± S.E.M., «=4) of the h 



Table 4 

EC50 and values of RANTES (CCL5) and DAMGO in promoting 
["SJGTP-yS binding following RANTES (CCL5) pretreatment 



RANTES 


DAMGO 






RANTES (CCL5) 




(CCL5)- 


EC50 


^max 


n 


EC50 




n 


pretreated 


(nM) 


(finol/mg 




(nM) 


(ftnol/mg 








protein) 






protein) 




Control 


47.8 ±15.3 


305.3 ±9.8 


4 


0.72 ±0.26 


298.0 ±25.9 


4 


10 min 


54.3 + 8.9 


209.5 ±11.6 


4 


4,40 ±0.93 


192.5+ 15.2 


4 


20 min 


46.012.6 


217.7 ±19.2 


3 


7.86 ±1,96 


227.0 ± 14.5 


3 


40 min 


55.3 ± 1.2 


240.0 ±9,5 


3 


9.30 ±2.50 


220.0 ±10.2 


3 



See Fig. 5 legend. 



A IP: Rabbit anti-RMOR 




B IP: Anti-FLAG 




Fig. 6. Cross-phosphorylation of the ^-opioid and chemokine CCR5 
receptors. CHO-MOR/FLAG-CCR5 cells were labeled with ["P]phosphate 
and incubated with I mM DAMGO or 6,25 nM (50 ng/ml) RANTES 
(CCL5) at 37 ''C for 10 min. Cells were lysed, solubilized, immunopre- 
cipitated with (A) rabbit antiserum against a C-terrainal domain peptide of 
the n receptor or (B) rabbit polyclonal antibodies against the FLAG peptide, 
resolved by 10% SDS-PAGE, and subjected to autoradiography as 
described in Materials and Methods. The figures represent one of the five 
experiments perfom^ed with similar results. Longer incubation time up to 
30 min yielded similar results. 



receptor in M0R/FLAG-CCR5 cells and a similar extent 
in MOR cells as determined by receptor binding, but it did 
not affect the staining of FLAG-CCR5 on cell sxirface of 
cells expressing MOR/FLAG-CCR5 or FLAG-CCR5 
alone by ininiunofluorescence flow cytometry. Etorphine, 
a nonselective opioid receptor agonist, yielded similar 
results (data now shown). In addition, following RANTES 
(CCL5) pretreatment, the numbers of total and cell surface 
|i-opioid receptors were unchanged in cells expressing 
M0R/FLAG-CCR5 or FLAG-MOR alone, whereas the 
same treatment induced significant internalization of 
FLAG-CCR5 in MOR/FLAG-CCR5 or FLAG-CCR5 
cells. These results indicate that pretreatment with 
DAMGO does not alter intemalization of the chemokine 
CCR5 receptor and ^likewise, RANTES (CCL5) preincu- 
bation does not affect intemalization of the ji-opioid 
receptor. 



4. Discussion 

We have shown that the fi-opioid and chemokine CCR5 
receptors coexpressed in CHO cells form heterodimers and 
cross-desensitize each other. Cross-desensitization is, at 
least in part, due to enhanced receptor phosphorylation 
and reduced receptor/G-protein. Heterodimerization of the 
two receptors may contribute to cross-desensitization. 
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4.L Heterodimerization between the pL-opioid receptor and 
the chemokine receptor CCR5 

The finding that HA-|i-opioid receptor and FLAG-CCR5 
coiramunoprecipitated in cells coexpressing the two recep- 
tors, but not in a mixture of cells expressing individual 
receptors, demonstrates that the two receptors associate with 
each other when coexpressed. However, in Western blot 
analysis of immunoprecipitates, higher-molecular-weight 
species were not observed. In addition, phosphorylation 
studies revealed phosphoiylated ji and chemokine CCR5 
receptors at relative molecular weights similar to those 
reported previously for the individual receptors, but not 
any higher-molecular-weight bands. These results indicate 
that the interaction is sensitive to denaturing and/or reducing 
reagents, since the sample buffer for SDS-PAGE contains 
SDS and DTT, suggesting that interaction between the two 
receptors may involve noncovalent hydrophobic interac- 
tions and/or disulfide bond formation between the receptor 
proteins. Several dimerization interfaces have been pro- 
posed for GPCRs (Milligan, 2001; Devi, 2001; Angers et 
al-, 2002); however, the actual mode of interactions between 
opioid and chemokine receptors requires further studies. 
Oligomerization of the n-opioid receptor and CCR5 was 
reported in immune cells (Suzuki et al, 2002); however, the 
sharpness of the protein band and the molecular weight of 
the receptor differ from published reports (e.g., Zhang et 
aL, 1996; El Kouhen et al., 1999). Different cell systems 
may play a role in the differences. 

Agonist treatment had no effect on the level of hetero- 
dimerization between p.-opioid and chemokine CCR5 recep- 
tors as detected on Western blots (Fig. 2). Whether agonists 
affect homodimerization and heterodimerization of GPCRs 
depends on the receptor(s) involved (for reviews, see Milli- 
gan. 2001; Devi, 2001; Angers et aL, 2002). 

4,2. Chemotaxis 

Although both DAMGO and RANTES (CCL5) induce 
chemotaxis, the concentration range in which RANTES 
(CCL5) is active is within a log unit, whereas that for 
DAMGO extends over three log units. The differences in the-^ ^ 
concentration ranges of an opioid vs. a chemokine that give 
a chemotactic response have been observed previously, and 
similar differences exist among the chemokines (e.g., 
Grimm et al., 1998a)- For example, the chemotactic re- 
sponse of cells to CXCR4 ligands, such as stromal cell- 
derived factor- la (CXCL12), occurs over a range of two to 
three orders of magnitude, while the optimal concentration 
of RANTES (CCL5) is much smaller. The capacity of 
chemoattractants to induce measurable chemotactic 
responses over different dose ranges is not understood. It 
may be due to differences in the relative capacity of these 
receptors to be desensitized. In those receptors that are 
particularly susceptible, this would result in reduced respon- 
siveness or no responsiveness as the concentrations are 



increased. In addition, it is also possible that variability 
exists with respect to the specific G proteins that couple to a 
chemoattractant receptor (Aral and Charo, 1996). This may 
also contribute to the variability of responsiveness among 
GPCRs. 

Our observation that the ji-opioid receptor agonist 
DAMGO promoted chemotaxis of CHO-MORTFLAG- 
CCR5 cells is consistent with previous reports of opioids 
inducing chemotaxis in immune cells (Grimm et al., 
i998a,b; Choi et al., 1999; Rogers et al., 2000; Miyagi et 
al, 2000). In addition, the findings that pretreatment with 
DAMGO reduced chemotaxis to RANTES (CCL5) and vice 
versa in CHO cells are in accord with previous studies in 
human peripheral blood monocytes and neutrophils and 
monkey leukocytes (Grimm et al., 3998a,b; Choi et al., 
1999; Rogers et al., 2000; Miyagi et al., 2000). This 
indicates that CHO cells can be used as a model system to 
delineate possible mechanisms underlying cross-desensiti- 
zation between these two receptors. 

4.3. Receptor phosphorylation and receptor-G protein 
coupling 

Pretreatment with DAMGO attenuated RANTES 
(CCL5)-induced [^^S]GTP7S binding; preincubation with 
RANTES (CCL5) likewise decreased DAMGO-promoted 
[^^S]GTP7S binding. Such a reduction in receptor-G pro- 
tein coupling could be attributed to cross-phosphoiylation of 
the ji-opioid and chemokine CCR5 receptors. Phosphoryla- 
tion of unoccupied receptors by second messenger-depen- 
dent kinases activated by another receptor has been shown 
to contribute to cross-desensitization of chemoattractant 
GPCRs at the level of receptor-G protein coupling (for a 
review, see Ali et al., 1999). Zhang et al. (2003) recently 
showed that met-enkephalin inhibited both MIP- la-mediat- 
ed chemotaxis and Ca^"^ flux of monocytes, and that Ca^^- 
independent protein kinase C played an important role in 
heterologous desensitization, 

DAMGO induced a more profound phosphorylation of 
the ji-opioid receptor than RANTES (CCL5), whereas 
RANTES (CCL5) increased phosphorylation of the CCR5 
to.a.higher degree than DAMGO. This suggests that kinases 
involved in receptor phosphorylation and the residues phos- 
phoiylated in heterologous desensitization are likely to be 
different from those involved in homologous desensitiza- 
tion. GRK-mediated phosphorylation of agonist-occupied 
receptors has been shown to be involved in homologous 
desensitization of the |A-opioid receptor (Zhang et al., 1996) 
and the chemokine CCR5 receptor (Oppermann et al, 
1999). The kinases contributing to the phosphorylation of 
the CCR5 and the |i-opioid receptor during cross-desensiti- 
zation remain to be determined. 

Differential receptor phosphorylation induced by 
DAMGO and RANTES (CCL5) may contribute to their 
differential effects upon the EC50 of the agonist-promoted 
[^^S]GTP7S binding in homologous and heterologous 
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desensitization. The EC50 value was increased only in 
homologous desensitization, but not in heterologous de- 
sensitization, although the ^max value was reduced in both. 
Consistent with this finding is the observation that pre- 
treatment with DAMGO did not affect the affinity of 
RANTES {CCL5) for the CCR5, and incubation with 
RANTES (CCL5) did not change the affinity of DAMGO 
for the fi-opioid receptor. There are precedents in which 
receptor- G protein coupling is compromised with no 
changes in agonist affinity. For example, it was demon- 
strated that phosphorylation of the P2-adrenoceptbr by 
cAMP-dependent protein kinase, which induced heterolo- 
gous desensitization, reduced receptor~G protein interac- 
tion, without affecting the binding affinity of isoproterenol 
to the receptor (Benovic et al., 1985). Since cAMP- 
dependent protein kinase phosphoiylates the p2-adrenocep- 
tor at distinct sites fi'om those for G protein-coupled 
receptor kinases (Lefkowitz et al., 1990), it is reasonable 
to assume that these difTerentially phosphorylated forms 
may adopt different conformations and hence exhibit 
different affinities for agonists. Whether this scheme is 
applicable to the cross-phosphorylated ^ and CCR5 recep- 
tors requires further investigation. Our finding is different 
from a recent report by Zhang et al. (2003), who found 
that pretreatment of immune cells with met-enkephalin 
reduced the affinity of MlP-la for the CCRl receptor. 
Different chemokine receptors may be different. 

Homologous desensitization and heterologous desensiti- 
zation of the chemokine CCR5 receptor have differential 
impact on HIV entry. While homologous desensitization and 
internalization did not affect the activity of CCR5 as the 
HIV-1 coreceptor (Aramori et al., 1997), heterologous 
desensitization by activation of formyl peptide receptor or 
|i-opioid receptor impairs the HIV-1 coreceptor function of 
the chemokine CCR5 receptor (Shen et al., 2000; Szabo et 
al., in press). 

Cross-phosphorylation of the receptors and reduction in 
receptor- G protein coupling may stem from heterodimeri- 
zation of the receptors on the cell surface and sharing of 
common effector signal transducers such as G proteins. 
Both ti-opioid and chemokine CCR5 receptors have been 
reported to recruit PTX-sensitiye G-proteiiis..in CHO cells 
following agonist binding (Traynor and Nahorski, 1995; 
Zhao et al., 1998). However, it is not possible to define a 
causal relationship between heterodimerization and ob- 
served cross-desensitization as we have not found condi- 
tions that eliminate heterodimerization. 

4.4. Homologous desensitization of the fi-opioid and 
chemokine CCR5 receptors 

Following either DAMGO or RANTES (CCL5) treat- 
ment of CHO-MORypLAG-CCRS cells, homologous de- 
sensitization was observed. This agrees with previous 
reports of homologous desensitization of the |i-opioid re- 
ceptor {e.g., Zhang et al., 1996; El Kouhen et al., 1999) and 



the chemokine receptor CCR5 (Aramori et al., 1997; Zhao 
et al., 1998; Oppermann et al., 1999). 

4.5, Discrepancy in the degree of cross-desensitization 
between chemotaxis and receptor-G protein coupling 

Treatment of CHO-MOR/FLAG-CCR5 cells with 
RANTES (CCL5) abolished chemotactic response to 
DAMGO and vice versa. In contrast, preincubation with 
RANTES (CCL5) reduced the value of DAMGO- 
promoted [^^SJGTP^S binding by - 30% without chang- 
ing the EC50 value and vice versa. Thus, there is a difference 
in the degree of desensitization when chemotaxis and 
agonist-induced [^^SJGTP'yS binding were used as the end 
points. The difference may be due to additional desensiti- 
zation in the signal transduction pathway leading to chemo- 
taxis, which requires further investigation. 

The signal transduction pathways of GPCRs leading to 
chemotaxis have not been ftiUy elucidated. Chemotaxis is a 
complex cellular response and may involve several different 
processes, such as cell polarization and shape change as well 
as cellular adhesion and migration (for a review, see 
Mellado et al., 2001). It was shown that stimulation of 
nonchemokine Grcoupled receptors, but not Gg- or Gq- 
coupled receptors, promoted chemotaxis, and the release 
of free G^^ subunits of the Gj protein was required for 
chemotaxis (Neptune and Bourne, 1997; Arai et al., 1997). 
A number of cell type-dependent intracellular effectors such 
as arachidonic acid (Locati et al, 1994) and phosphatidyli- 
nositol 3-kinase (Haribabu et aL, 1999) have been implicat- 
ed, whereas others such as the p42/44 MAP kinase pathway 
and Ca^^ mobilization have been reported to be either 
necessary (Bacon et al., 1995; Groskopf et al., 1997) or 
not involved (Neptune and Bourne, 1997) in the regulation 
of cell migration via GPCRs. p38 MAP kinase activation 
and inhibition of adenylyl cyclase do not appear to be 
involved in chemokine-mediated chemotaxis (Neptune and 
Bourne, 1997). 

RANTES (CCL5) and ^t-opioid receptor agonists have 
been reported to induce tyrosine phosphorylation of the Src 
substrates pl25FAI^ (focal adhesion kinase) and several 
cytoskeleton proteins (Bacon et al., 1996; Mangoura, 
1997). Interaction of FAX with the cytoskeletal proteins, 
with their subsequent phosphorylation, has been reported to 
play a major role in cell polarization and migration (Clark 
and Brugge, 1995). 

4.6. Receptor internalization 

DAMGO caused internalization of the ^-opioid receptor 
but not CCR5; conversely, RANTES (CCL5) induced 
internalization of the CCR5, but not die ^-opioid receptor, 
in cells expressing both or alone. These findings suggested 
that the cross-desensitization between 11 and CCR5 receptors 
may not be associated with receptor internalization in our 
system. These observations are similar to those of Szabo et 
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al. (in press), who found that activation of the ^-opioid 
receptor caused desensitization, but not internalization, of 
the chemokine CCR5 receptor in immune cells. Two pos- 
sibilities may account for the lack of cointemalization of the 
two receptors. Although the receptors form heterodimers, 
they may be trafficked separately by the cell machinery. 
Heterodimers may dissociate before internalization and 
when some heterodimers are dissociated, others are formed 
as it is likely that there is an equih'brium between hetero- 
dimers and monomers of receptors. Another scenario is that 
since the percentage of receptors in heterodimers cannot be 
readily quantitated, the internalization results may be due 
primarily to the receptors not in heterodimers. 

4. 7, Concluding remarks 

Cross-desensitization between the |i-opioid and chemo- 
kine CCR5 receptors, stably coexpressed in CHO cells, 
was demonstrated with both RANTES {CCL5) and 
DAMGO influencing in a reciprocal manner the chemo- 
taxis, receptor phosphorylation, and [^^S]GTP7S binding 
of the other. Heterodimerization of the two receptors is 
likely to contribute to their cross-desensitization. Hence, 
our data suggest possible mechanisms for the inhibition of 
chemokine-induced directional migration of cells by which 
opiates and opioids may function in immunosuppression 
and inflammation, as well as for the desensitization of 
opioid-induced analgesia by RANTES (CCL5) adminis- 
tered into the periaqueductal gray. This cross-desensitiza- 
tion at the receptor and postreceptor levels may be utihzed 
by the receptors to regulate the activity of the other and 
may contribute to alterations in intracellular effector path- 
ways and subsequent impairment of immune function 
mediated by the other. 
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TABLE 2. Cfaemokine receptor antagonists reported to be in clinical development 



Target 



Compound name and company 



Development 
status 



Disease 



CCRl BX-471 (ZK-81 1752) Phase n 

(Berlex Biosciences/Schering AG) 
BX-471 (ZK-81 1752) Phase I 

(Berlex Biosciences/Schering AG) 
MLN-3897 Phase H 

(Millennium Pharmaceuticals/ 

Aventis) 

MLN-3701 Phase I 

(Millennium Pharmaceuticals) 

CCR2 MLN-1202 (antibody) Phase II 

(Millenium Pharniaceuticals) 
Unknown Phase I 

(Incyte Pharmaceuticals) 

CCR3 C AT-2 13 (antibody, bertilimumab) Phase II 

(Cambridge AT) 
GW-766994 Phase II 

(GlaxoSmithKline) 
DPC-168 Phase I 

(Bristol-Myers Squibb) 

CCR5 UK-427857 Phase H 

(Pfizer) _ 
ONO-4128 Phase n 

(Ono Pharmaceutical /GlaxoSmith- 
Kline) 

Sch-351125/Sch-417690 Phase I 

(Schering-Plough) 

CXCR 1/2 SB-332235 Phase I 

(GlaxoSmithKline) 

CXCR4 AMD-3 100 Phase II 

(AnorMED) Phase I 

AMD-070 Phase I 

(AnorMED) 
CTCE-0214 Phase II 

(Chemokine Therapeutics) 

Note: Data from Refs. 12 and 44-46. 

Abbreviations: COPD, chronic obstructive pulmonary disease; MS, multiple sclerosis; Pso, 
psoriasis; RA, rheumatoid arthritis. 



MS, Pso, eczema 
Alzheimer disease 
RA, MS, Pso 

RA 

RA 
RA 

Rhinitis, conjunctivitis 
Asthma, allergic rhinitis 
Asthma 

HIV infection, 
HTV infection 

HIV infection 

COPD, RA, Pso 



Stem cell transplantation 
Repair of cardiac tissue 
after heart attack - 
HTV infection 

Stem cell transplantation 



CCRl 



The most advanced CCRl antagonist in development is apparently compound 
BX-741, also named ZK-81 1752 (Banyu/Schering). It is a potent and selective 
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antagonist of the human receptor-^'**"^^ but 100-200 times less potent against the rat 
and the mouse receptor. However, the compound has proven to be effective in several 
animal models when administered at high doses. ^^'^^ The phase I studies gave pos- 
itive results, and phase n trials for multiple sclerosis patients were reported to be 
planned for March 2002.^^ A total of 94 patients were supposed to be treated three 
times a day for 16 weeks, but results from this trial have not been released yet. The 
compound is also in development for psoriasis and Alzheimer disease. 

The compound CP-481,715, a potent human CCRl antagonist (Pfizer) provided 
the first proof of concept for a chertiokine receptor antagonist in RA.^^ In this trial, 
12 patients received 300 mg of the compound every 8 h and 4 patients received pla- 
cebo by oral route for 15 days. Biopsy specimens taken on days 1 and 15 showed 
that patients treated with the compound had a reduced number of CCRl^ cells in 
their joints. A trend toward a clinical improvement was also observed.^^ The com- 
pound progressed into a 6-week phase II clinical trial, and development was 
canceled."*^ 

Millenium Pharmaceuticals recently reported the completion of phase I with its 
candidate, MLN-3897, a CCRl antagonist. Another candidate targeting the same re- 
ceptor is MLN3701, which has recently advanced to a phase I trial. 

CCR2 

Incyte Pharmaceuticals has a small-molecule CCR2 antagonist in phase I trials 
for RA. Millennium Pharmaceuticals is developing an anti-CCR2 antibody (MLN- 
1202), which is currently in phase II for the same indication. It will be interesting to 
know whether CCR2 blockade shows a beneficial effect on patients with RA, given 
the results obtained with CCR2 knockout mice.^^ 

CXCR3 

Compound T0906487 (originally from Tularik) was being developed by Amgen 
and Chemocentryx. The compound was evaluated in a phase Ila clinical trial in 40 
patients with moderate to severe psoriasis who received 50 and 200 mg of the com- 
pound once a day for 28 days. Results indicated that the treatment had no effect on 
the psoriatic area severity index (PASI) or on the patient's global assessment (PGA) 
scores. The development of the compound for psoriasis was canceled."^^ The com- 
pound was also in development for RA, but no results for this disease have been 
reported yet. 



CONCLUSIONS 

The discovery of chemokines exerted a profound effect on our understanding of 
cell trafficking in health and disease. The potential of chemokines as therapeutic tar- 
gets soon become evident, but initial optimism has been moderated by failures of 
compounds in the clinic. In the future, chemokine receptor antagonists will compete 
with other agents currently in development that also target cell migration. Time will 
tell whether chemokines are useful therapeutic targets or just a fascinating family of 
mediators. 
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[Note Added in Proof:] After less than four months on the market, Tysabri was 
withdrawn because one person died and another one contracted a rare disease of the 
cental nervous system called "progressive multifocal leukoencephalopathy," It is be- 
lieved that both cases were caused by adverse side effects from the combination 
therapy of Tyrsabri and Avonex (interferon). Source: Press Release. Available at: 
<http://ms.about.eom/b/a/l 50342.htm> 
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Attractive Targets for Drug Discovery 
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Abstract: Studies of two antibodies, efalizumab and natalizumab, iiave re- 
cently demonstrated that the blockade of leukocyte migration is of therapeutic 
benefit for the treatment of diseases such as psoriasis and multiple sclerosis. The 
role of chemokines in the control of cell traffic led to their receptors being con- 
sidered one of the most promising family of targets aimed at disrupting cell re- 
cruitment in chronic inflanunatory. processes.. Choosing., the. appropriate 
chemokine receptor for each disease was not easy, and the interpretation of tar- 
get validation studies proved to be extremely difficult. Despite an intense effort 
in the search for chemokine receptor antagonists in the last decade, no com- 
pounds in advanced clinical trials exist as such. The inherent complexity of the 
family, the differences between the chemokine system in mice and men, and the 
species selectivity of small-molecule compounds could account for this fact. 
Pharmaceutical companies still believe in chemokine receptors as therapeutic 
targets, as demonstrated by the number of compounds reported to be in devel- 
opment In the next years, the developmental progression of these compounds 
win reveal which target within the chemokine family is of real therapeutic value. 

Keywords: chemokines; leukocyte recruitment; G protein-coupled recep- 
tors; chronic inflammation; autoimmune diseases; drug discovery; target 
validation 



INTRODUCTION TO CHEMOKINES: STRUCTURAL 
AND FUNCTIONAL CLASSIFICATION 

Chemokines are a large family of small secreted proteins of 8-14 kDa that control 
cell trafFicking. They are structurally divided into four classes — C, CC, CXC, and 
CX3C — depending on the number and the relative position of their amino terminal 
cysteine residues (Fig. 1).^ Individual chemokines are named using the acronyms of 
the structural class they belong tOi foUowed by an L (for ligand)'and their gene 
number.^ 

In the last decade, it has been clearly established that these mediators play a sig- 
nificant role in processes such as embryonic development, host defense, immune 
surveillance, inflammation, angiogenesis, autoimmunity, and cancer.^^ The biolog- 
ic effects of chemokines are mediated by receptors expressed on the cell surface. 
Chemokine receptors are themselves classified according to the chemokine family 
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they bind (Fig. 1). The nomenclature of the receptors is analogous to that of chemok- 
ines, using the family acronym followed by an R (for receptor) and a number that 
corresponds to the order of its discovery.^ Chemokine receptors belong to class A of 
the G protein-coupled receptor (GPCR) superfamily. They are rhodopsin-like recep- 
tors that span the membrane seven times and are coupled to heterotrimeric Ga^y 
proteins.^ Upon ligand-receptor interaction, different intracellular signaling path- 
ways are activated, ultimately leading to cell mobilization and activation^ 

From a functional point of view, chemokines can be divided into inflammatory, 
homeostatic, and dual function.^ Inflammatory chemokines are induced by patho- 
gens, cytokines, or growth factors and recruit effector leukocytes to sites of infec- 
tion, inflammation, tissue injury, and tumon CCRl, CCR2, CCR3, CCR5, CXCR2, 
XCRl, and CX3CRI are some examples of receptors that bind inflammatory 
chemokines. Homeostatic chemokines are expressed in bone marrow and lymphoid 
tissues and are involved in hematopoiesis, immune surveillance, and adaptive im- 
mune responses. The receptors for homeostatic chemokines (CCR7, CXCR4, and 
CXCR5) are expressed on B cells, follicular-helper T cells, central-memory T cells, 
and mature dendritic cells, among others. Chemokines that share properties of these 
two groups are classified as dual function. These chemokines are involved in adap- 
tive immunity, T lymphopoiesis, dendritic cell development, and homing to particu- 
lar anatomic compartments. Regulatory T cells, CLA4'^ cells (homing to skin), and 
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FIGURE 1. Structural classification of the chemokine superfamily. For each receptor, 
chemokines acting as agonists and antagonists are depicted. The systematic nomenclature 
of chemokines was used.^ 
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a4p7"'' cells (homing to intestinal mucosa) express receptors for these chemokines 
(CCR4, CCR6, CCR8, CCR9, CXCR3, and/or CXCR6), See Ref. 8 for a detailed 
description of the functional classification of chemokines. 

A feature of the chemokine system is the complexity of the ligand-receptor inter- 
actions, especially evident in the inflammatory and dual-function chemokine groups. 
Thus, a particular chemokine (i.e., CCL5) may bind several receptors (CCRl , CCR3, 
and CCR5), and different chemokines (i.e., CXCL9, CXCLIO, and CXCLII) may 
bind a single receptor (CXCR3). Some evidence suggest that in some cases ligand 
redundancy does not mean duplicity of functions. In vitro studies comparing the be- 
havior of the two CCRl ligands, CCL19 and CCL21, revealed differences in their 
affinity, their ability to desensitize the receptor,^ and the signaling pathways 
evoked. These results indicate that the roles of the two ligands were not merely re- 
dundant. Similar findings have been recently reported for the two ligands of human 
CCR4^^ and those of mouse CXCR2.^^ These results suggest that different ligands 
for the same receptor act in different compartments; one ligand would act at the en- 
dothelial surface to promote vascular recognition, and the other chemokine would 
engage the receptor within the tissue microenvironment to guide cellular localiza- 
tion. As expected, the ligand acting in the vascular compartment always exhibits a 
low capacity to desensitize the receptor, to allow cells to respond to the second 
stimulus.^' ^^'^^ 

A series of discoveries made in the past 5 years have added a new degree of com- 
plexity. As Figure 1 shows, a chemokine may act either as an agonist or an antago- 
nist, depending on the receptor it binds. ^-^"^^ The antagonistic effect of some 
chemokines were revealed in in vitro studies, but it has also been reported to occur 
in vivo?-^*^^ It has been postulated that the meaning of this effect is to increase the 
selectivity of cell recruitment.^^ A chemokine such as CXCLl 1, agonist of a recep- 
tor mainly expressed on T helper type 1 (Thl) cells (CXCR3), is at the same time an 
antagonist of the responses mediated by CCR3, a receptor expressed on Th2 cells. 
The opposite is also true: a chemokine such as CCL26 attracts Th2 cells via CCR3 
cells while blocking CCRl - and CCR5-mediated responses on Thl cells. In this sce- 
nario, the consequences of blocking a particular chemokine or a receptor in vivo 
could be unpredictable. 



CHEMOKINES AND CELL MIGRATION 

Leukocyte migration is a multistep process that takes place in homeostasis as well 
as in pathological conditions. In the last decade, the role of chemokines in the regu- 
lation of cell traffic has been clearly established. Proinflammatory stimuli induce the 
synthesis of chemokines by stromal cells, endothelial cells, and leukocytes. 
Chemokines may bind to heparin sulfate proteoglycans on the luminal surface of 
vascular endothelial cells, are exposed to the lumen of blood vessels (or high endot- 
helial venules), and capture rolling leukocytes expressing the appropriate receptor. 
Chemokine binding activates the heterotrimeric G proteins coupled to the receptor. 
The a and the Pysubunits dissociate and may activate several signaling pathways in- 
volving small GTPases (RAPl, RhoA, Rac) and/or kinases (PI3K, atypical PKC, 
Pyk2), depending on the chemokine and the cell type.^^*^-' This process results in a 



650 



ANNALS NEW YORK ACADEMY OF SCIENCES 



change in the conformation and avidity of the leukocyte integrins, together with the 
formation of a polarity complex and the focal recruitment of integrins, culminating 
in transendothelial migration. Leukocytes are then guided to the target tissue, prob- 
ably following the concentration gradient of chemokines bound to proteoglycans 
(haptotaxis). Once there, the high local concentration of chemokines would induce 
the phosphorylation and internalization of the receptor, making cells unresponsive 
to the same or other ligands of that receptor. Different chemokines may participate 
in different parts of the process, in a sequential manner, as it has been hypothesized 
to occur in the transmigration of lymphocytes from high endothelial venules.^^ 



BLOCKADE OF LEUKOCYTE MIGRATION 
AS A THERAPEUTIC STRATEGY 

The excessive infiltration of leukocytes is a hallmark of many autoinunune and 
chronic inflammatory diseases. Several approaches can be exploited to prevent cell 
recruitment to inflamed tissues, such as blocking adhesion molecules (selectins, in- 
tegrins), or preventing the effect of chemotactic mediators such as peptidic (chemok- 
ines) or lipidic (eicosanoids, sphingolipids) mediators. Table 1 lists some agents, in 
different stages of development or in the market, that target cell migration. 



TABLE 1. Therapies directed at blocking cell migratien 



Target 
family 


Strategy 


Drug name and 
company 


Disease 


Status 


Integrins 


Anti-a4 
antibody 


Tysabri® 
(natalizumab) 
Biogen and Elan 


Multiple sclerosis 


Launched 




Anti-CDlla 
antibody 


Raptiva® 
(efalizumab) 
Xoma, Genetech, 
Serono 


Psoriasis 


Launched 


Selectins 


Selectin 
antagonist 


Bimosiamose 
Revotar Pharm 


Asthma, psoriasis 


. Phase II 




Anti-L-selectin 
antibody 


Aselizumab 
Scil Biomedicals 


Atherosclerosis, 
vascular injury 


Phase II 


Sphingosine 


SIP receptor 
agonist 


FTY.72O 
Novartis 


Transplant 
rejection 


Phase n 


PGD2 


DP antagonist 


L-888839 
Merck Frosst 


Seasonal allergic 
rhinitis 


Phase I 




CRTh2 antago- 
nist 


Astra-Zeneca 
Pfizer 


Allergic asthma, 
allergic rhinitis 


Preclinical 
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Two biologicals that block lymphocyte integrins have validated cell traffic block- 
ade as a therapeutic strategy. In November 2004, Tysabri® (natalizumab; Biogen 
Idee and Elan Corporation) was approved for the treatment of relapsing forms of 
multiple sclerosis.^"* This monoclonal antibody blocks the a4 integrin subunit, pre- 
venting T cells from transendothelial migration and probably from crossing the 
blood-brain barrier. Natalizumab has also demonstrated activity in a phase HI clin- 
ical trial for Crohn disease.^^ Another monoclonal antibody, Raptiva® (efalizumab; 
Genentech and Xoma), was approved one year before for the treatment of chronic 
plaque psoriasis. Raptiva is a humanized monoclonal antibody that binds human 
CDl la (a subunit of the LFA-1 integrin) and prevents the recruitment of T cells to 
the skin as well as their activation. 

Treatment with both natalizumab and efalizumab is associated with an increase 
in the number of blood lymphoc)(tes owing to the inhibition of their migration out of 
the vascular space. A different strategy is represented by FrY-720, a compound de- 
rived from the fungus /yarta jmc/a/m:^^ The compound is phosphorylated in vivo 
by the enzyme sphingosine kinase, forming FTY-720-P, a high-affinity nonselective 
agonist of sphingosine 1-phosphate receptor 1 (SlPj), necessary for lymphocytes to 
exit lymphoid tissues. The compound induces the internalization of the receptor, pre- 
venting lymphocytes from responding to egress signals from circulating sphingosine 
1-P (SIP), the natural ligand of SIP^. The drug induces accumulation of naive and 
activated CD4 and CDS T cells and B cells in lymph nodes and Peyer patches, pre- 
venting lymphocytes from being recruited at the graft. FTY720 (Novartis) is current- 
ly in phase III clinical trials for renal transplantation^^ and is also in development 
for multiple sclerosis. It is interesting that SIP has been described as inducing 
chemokine and/or chemokine receptor expression in several cell subsets, such as 
eosinophils and T cells. ^^'^^ Thus targeting SIP receptors represents an alternative 
strategy for modulating chemokine receptor expression. 

Other agents in development include Bimosiamose®, a pan-selectin blocker in 
clinical trials of psoriasis and asthma, and low molecular weight antagonists of the 
prostaglandin D2 (PGD2) receptors, DP and CRTh2, in clinical trials of allergy and/ 
or asthma (Table 1). 



CHEMOKINE RECEPTORS AS THERAPEUTIC TARGETS 

Proinflammatory cytokines induce the synthesis of chemokines,^*^ and blocking 
the biological effects of cytokines could be a nonselective way of inhibiting cell re- 
cruitment. This has been demonstrated to be the case for the anti-TNFa antibody 
Remicade® in psoriasis.^^ The only therapies, either in the market or in advanced 
clinical trials, that inhibit cytokine effects are biologicals — for example, anti-TNFa 
antibodies such as Remicade® and Humira®, soluble TNFa receptors such as En- 
brel®, the IL-1 receptor antagonist Kineret®, the anti-IL-6 receptor MRA®, and the 
anti-IL-15 antibody HuMax-IL-15®. Probably the nature of cytokine receptors and 
the complex interactions established between cytokines and their receptors make 
this interaction difficult to be inhibited by small organic compounds. 

The interest in chemokines as therapeutic targets increased with the discovery 
that their receptors, unlikely those of cytokines, are GPCRs. About half of the drugs 
currently in the market are either agonists or antagonists of GPCR, demonstrating 
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that at least some members of the family are "druggable" targets. In 1996, just 5 
years after the discovery of the first chemokine receptor, it was confirmed that 
chemokine receptor antagonists could be obtained.^ ^ The discovery of the role of 
CCR5 and CXCR4 as co-receptors in HIV infection gave researchers an impetus to 
search for antagonists of those receptors. 

According to the information in the public domain, after a decade of drug discov- 
ery on chemokines, there are no compounds in advanced phases of development. The 
analysis of the difficulties found in drug discovery on chemokines have been 
reviewed^* and is out of the scope of this chapter. Instead, we focus on the difficul- 
ty in interpreting results from target validation studies within the chemokine family. 



TARGET VALIDATION ON CHEMOKINES: FROM MICE TO MEN 

Evidence for the role of chemokines in disease states comes essentially from 
studies of animal models of disease and the analysis of human pathological sam- 
ples.^'^^ These studies provided a list of potential targets for the treatment of diseas- 
es such as multiple sclerosis, atherosclerosis, psoriasis, asthma, arthritis, diabetes, 
and cancer.^ '^'^'^^ Most of these targets correspond to receptors for inflammatory 
chemokines, characterized by redundancy and promiscuity. Would inhibition of a 
single receptor be enough to achieve efficacy? Which was the best target for each 
pathology? Choosing the target was difficult, especially for diseases like rheumatoid 
arthritis (RA), in which more than six potential targets have been suggested.^"^ 

Validation of the candidate compound in animal models was desirable for reduc- 
ing failures in the clinic. However, target validation with small molecule receptor an- 
tagonists soon proved to be difficult. As occurs for atitagonists of other GPCRs with 
peptidic ligands,^ compounds often exhibit species selectivity, thus cannot be used 
in mouse or rat models. This explains why only limited information about the in vivo 
effects of receptor antagonists exists.^^^^ 

Biological reagents (antibodies or modified natural ligands) and knockout mice 
are also good validation tools. However, results obtained using different validation 
strategies sometimes led to contradictory conclusions. The receptors CCR2 and 
CCR5, previously validated for arthritis by two independent groups using modified 
chemokines,^^*'^^ have since been devalidated using knockout mice."*^ These studies 
showed that the lack of CCR5 had no impact on the progression of arthritis, whereas 
CCR2 knockout mice developed more severe disease than did controls."*^ 

Independent groups working with the same chemokine receptor knockout mice 
have also obtained contradictory results. This is the case for CCR2 and multiple scle- 
rosis.^^''^^ Factors such as the use of different experimental protocols and/or the 
mouse strain have been argued to explain these differences. 

The true target validation occurs in the clinic, but these data are still missing. Sev- 
eral compounds have progressed to clinical trials and failed,-^ ^ and the reasons are 
not always known. Toxicity issues, a deficient ADME profile, and an inadequate tar- 
get can account for this fact. However, there is still an intense activity in the field, as 
illustrated by the number of agents targeting chemokine receptors currently in devel- 
opment (Table 2). As an update of previous reviews, a more detailed ex- 
planation of the situation of the antagonists of CCRl, CCR2, and CXCR3 receptors 
is given below. 
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DETAILED ACTION 

1 . Claims 1-10, 1 2- 1 8 are pending in the current application. 

2. This is a National Stage of PCT/SE2004/001476, filed October 14, 2004, which claims 
priority to Swedish Application Serial No. 0302755-4, filed October 17, 2003. 

Response to Remarks Arguments 

3. Applicants arguments filed November 13, 2007 have been fully considered but they are 
not persuasive. The rejections under 35 U.S.C. 103 (a) are withdrawn in light of applicant's 
statement of common assignment. The rejection for solvate is withdrawn, it is noted that claim 
7 also appears to contain solvate, which was unintentionally overlooked by the examiner. Rather 
than repeat another rejection and based upon applicant's willingness to delete this term, the 
examiner is not rejecting this claim for "solvate" and depends upon the applicant to remove this 
term. The rejections for scope of enablement are maintained as the directions for the preparation 
and use of the compounds commensurate in scope with the claims has not been provided. 1 he 
number of examples provided by the specification are few and have been discussed previously 
(and are reproduced here again vide infra). It would appear that the applicant is arguing that 
essentially any molecule, even molecules of unknown structure, can be made without undue 
experimentation. This is in fact not the situation in the chemical arts. As stated in a recent book 
on the subject: 

'^Most non-chemists would probably be horrified if they were to learn 
how many attempted syntheses fail, and how inefficient research 
chemists are. The ratio of successful to unsuccessful chemical 
experiments in a normal research laboratory is far below unity, and 
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synthetic research chemists, in the same way as most scientists, spend 
most of their time working out what went wrong, and why. Despite 
the many pitfalls lurking in organic synthesis, most organic chemistry 
textbooks and research articles do give the impression that organic 
reactions just proceed smoothly and that the total synthesis of complex 
natural products, for instance, is maybe a labor-intensive but otherwise 
undemanding task. In fact, most syntheses of structurally complex 
natural products are the result of several years of hard work by a team 
of chemists, with almost every step requiring careful optimization. 
The final synthesis usually looks quite different from that originally 
planned, because of unexpected difficulties encountered in the initially 
chosen synthetic sequence. Only the seasoned practitioner who has 
experienced for himself the many failures and frustrations which the 
development (sometimes even the repetition) of a synthesis usually 

implies will be able to appraise such work Chemists tend not to 

publish negative resuhs, because these are, as opposed to positive 

results, never definite (and far too copious) [preface] even 

structurally simple compounds often turn out not to be so easy to make 

as initially thought, [pg. 2] As illustrated by the 

examples discussed below, a good retrosynthesis requires much 
synthetic experience, a broad knowledge of chemical reactivity, and 
the ability to rapidly recognize synthetically accessible substructures 

[pg. 3 J As will be shown throughout this book, the outcome of 

organic reactions is highly dependent on all structural features of a 
given starting material, and unexpected products may readily be 

formed. [8] Even the most experienced chemist will not be able 

to foresee all potential pitfalls of a synthesis, specially so if 
multifunctional, structurally complex intermediates must be prepared. 
The close proximity or conformational fixation of functional groups in 
a large molecule can alter their reactivity to such an extent that even 
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simple chemical transformations can no longer be performed. Small 
structural variations of polyfunctional substrates might, therefore, 

bring about an unforeseeable change in reactivity [pg. 9] " 

Dorwald F. A. Side Reactions in Organic Synthesis, 2005, Wiley: 
VCH, Weinheim pg. IX of Preface pg. 1-15. 



The examiner {vide infra and in the previous action) serve to show the scope that is 
enabled by the specification, in terms of the compounds, and the teaching of the prior art. A 
recent ruling by the Federal circuit discusses enablement in the context of the automotive art, but 
there is little difference in the position of the court and the position of the examiner instant case, 
ATI V. BMW et. al. (Fed. Cir. 2007): 



''We also reject ATI's argument that because the specification enables one mode of practicing the 
invention, viz. , mechanical side impact sensors, the enablement requirement is satisfied. We 
addressed and rejected a similar argument made in Liebel-Flarsheim Co. v. Medrad, Inc. , 481 F.3d 
1 37 1 (Fed. Cir. 2007), In that case, the invention was a front-loading fluid injector system with a 
replaceable syringe capable of at 1373. We construed the asserted claims, as urged by the patentee, 
to include an injector with and without a pressure jacket. Although the specification clearly 
enabled an injector with a pressure jacket, we concluded that it did not enable an injector without 
such a jacket and that the claims were invalid for lack of enablement, at 1379. We stated that there 
"must be 'reasonable enablement of the scope of the range' which, in this case, includes both 
injector systems with and without a pressure jacket." withstanding high pressure for delivering a 
contrast agent to a patient. Id. Id. Id. at 1380 (internal citation omitted). 

Similarly, in this case, the claim construction of the relevant claim limitation 
resulted in the scope of the claims including both mechanical and electronic side impact 
sensors. Disclosure of only mechanical side impact sensors does not permit one skilled 
in the art to make and use the invention as broadly as it was claimed, which includes 
electronic side impact sensors. Electronic side impact sensors are not just another known 
species of a genus consisting of sensors, but are a distinctly different sensor compared 
with the well-enabled mechanical side impact sensor that is fully discussed in the 
specification. Thus, in order to fulfill the enablement requirement, the specification must 
enable the full scope of the claims that includes both electronic and mechanical side 
impact sensors, which the specification fails to do. We stated in Liebel : "The irony of this 
situation is that Liebel successfully pressed to have its claims include a jacketless 
system, but, having won that battle, it then had to show that such a claim was fully 
enabled, a challenge it could not meet." Id. at 1380. ATI sought to have the scope of the 
claims of the '253 patent include both mechanical and electronic side impact sensors. It 
succeeded, but then was unable to demonstrate that the claim was fully enabled. Claims 
must be enabled to correspond to their scope." 



Application/Control Number: 10/575,522 
Art Unit: 1625 



Page 5 



The very limited disclosure and the inordinate amount of experimentation required to practice 
the invention, clearly warrant the conclusion made by the examiner, which was supported by 
references testifying to the state of the art and its unpredictability. This action is made FINAL. 

Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created doctrine 
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 
improper limewise extension of the "right to exclude" granted by a patent and to prevent possible 
harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection 
is appropriate where the conflicting claims are not identical, but at least one examined 
application claim is not patentably distinct from the reference claim(s) because the examined 
application claim is either anticipated by, or would have been obvious over, the reference 
claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re 
Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may 
be used to overcome an actual or provisional rejection based on a nonstatutory double patenting 
ground provided the conflicting application or patent either is shown to be commonly owned 
with this application, or claims an invention made as a result of activities undertaken within the 
scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal 
disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR 
3.73(b). 

5. Claims 1-7, 9 are provisionally rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claims 1-8, 10 of copending Application No. 
10/579,545 in view of Xue et. al. U.S. Pre-Grant Publication 2006/0252751. The analysis 
applied in this action at 4 applies here. The factual inquiries set forth in Graham v. John Deere 
Co.. 383 U.S. 1, 148 USPQ 459 (1966), that are applied for establishing a background for 
determining obviousness under 35 U.S.C. 103(a) are summarized as follows: 

Determination of the scope and content of the prior art 
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Xue et. al. teaches spiro[benzofuran-2,r-cyclohexan]-4*-amines that are chemokine antagonists. 
1 0/579,545 teach spiro[benzofuran-2,4'-piperidines bearing a 1 -phenoxy-3-propan-2-ol 
substituent on the piperidinyl nitrogen atom. This relationship is illustrated graphically in Figure 
1. 




Xue et. al. 

Figure 1 . Structures of compounds that form the basis of the obviousness 
rejection as compared to the instant invention. 



Some of the compounds disclosed by Xue are show below: 

Registry #: 709018-09-7 
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Ascertainment of the difference between the prior art and the claims 

(MPEP 2141.02) 

Hossain, Nafizal; Ivanova, Svetlana & Mensonides-Harsema, Marguerite do not expressly teach 
the compounds of the instant case, however the only dilYerence between these compounds is the 
presence of a methylene group. By inserting a what is formally a methylene (CH2 actually CH in 
the ring and H on N) into the compounds of Hossain, Nafizal; Ivanova, Svetlana & Mensonides- 
Harsema, Marguerite a spiro[benzofuran-2,r-cyclohexan]-4'-amine is produced, which is a core 
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pharmacophore of chemokine antagonism. These relationships are illustrated graphically in 
Figure 2. 




^ One saturated carbon u.S. Application 10/520,699 

Instant 




Figure 2. The differences between the compounds of the 
instant case and those of the prior art. 

Finding of prima facie obviousness 

Rational and Motivation 
(MPEP 2142-2143) 

It would have been obvious to one of ordinary skill in the art at the time the claimed invention 
was made to prepare the compounds of the instant case. The compounds of the claims at hand 
are analogs of old compounds. One of ordinary skill would be motivated to make the 
compounds of the invention because he would expect the compounds to have similar properties, 
indeed w^e see that these compounds have the same properties. A reference is good not only Ibr 
what it teaches by direct anticipation but also for what one of ordinary skill in the art might 
reasonably infer from the teachings. {In re Opprecht 12 USPQ 2d 1235, 1236 (Fed Cir. 1989); In 
re Bode 193 USPQ 12 (CCPA) 1976). In light of the forgoing discussion, the Examiner 
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concludes that the subject matter defined by the instant claims would have been obvious within 
the meaning of 35 USC l()3(a). From the teachings of the references, it is apparent that one of 
ordinary skill in the art would have had a reasonable expectation of success in producing the 
claimed invention. Therefore, the invention as a whole was prima facie obvious to one of 
ordinary skill in the art at the time the invention was made, as evidenced by the references, 
especially in the absence of evidence to the contrary. In re Grabiak 226 USPQ 870, "[w]hen 
chemical compounds have "very close" structural similarities and similar utilities, without more 
a prima facie case may be made", In re Deuel 34 USPQ2d 1210, "a known compound may 
suggest its analogs or isomers, either geometric isomers {cis v. trans) or position isomers 
(emphasis added) {e.g. ortho v, paray\ 

This is a provisional obviousness-type double patenting rejection. 

6. Claims 1-7, 9 are provisionally rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claims 1-10, 12 of copending Application No. 
10/581,171 in view of Xue et. al. U.S. Pre-Grant Publication 2006/0252751. The analysis 
applied in this action at 5 applies here. This is a provisional obviousness-type double patenting 
rejection. 

7. Claims 1-7, 9 are provisionally rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claims 1-10, 12, 14 of copending Application No. 
10/583,468 in view of Xue et. al. U.S. Pre-Grant Publication 2006/0252751. The analysis 
applied in this action at 5 applies here. Although claim 9 is apparently a claim for ''a claim". 

8. Claims 1-7, 9 are provisionally rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claims 1-9, 13 of copending Application No. 
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10/520,699 in view of Xue et. al. U.S. Pre-Grant Publication 2006/0252751. The analysis 
applied in this action at 5 applies here. 

This is a provisional obviousness-type double patenting rejection. 

9. Claims 1-7, 9 are provisionally rejected on the ground of nonstatutory double patenting 
over claim 1-7, 9, 1 1 of commonly assigned copending Application No. 1 1/744,659. This is a 
provisional double patenting rejection since the conflicting claims have not yet been patented. 

The subject matter claimed in the instant application is fully disclosed in the referenced 
copending application and would be covered by any patent granted on that copending application 
since the referenced copending application and the instant application are claiming common 
subject matter, as follows: The copending application is drawn to the same compounds as those 
of the instant case. 

Furthermore, there is no apparent reason why applicant would be prevented from 
presenting claims corresponding to those of the instant application in the other copending 
application. See In re Schneller, 397 F.2d 350, 158 USPQ 210 (CCPA 1968). See also MPEP 
§ 804. 

10. Claims 1-7, 9 are provisionally rejected on the ground of nonstatutory double patenting 
over claims 1-7, 9, 1 1 of commonly assigned copending Application No. 1 1/744,677. This is a 
provisional double patenting rejection since the conflicting claims have not yet been patented. 

I he subject matter claimed in the instant application is fully disclosed in the referenced 
copending application and would be covered by any patent granted on that copending application 
since the referenced copending application and the instant application are claiming common 
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subject matter, as follows: The copending application is drawn to the same compounds as those 
of the instant case. 

Furthermore, there is no apparent reason why applicant would be prevented from 
presenting claims corresponding to those of the instant application in the other copending 
application. See In re Schneller, 397 F,2d 350, 158 USPQ 210 (CCPA 1968). See also MPEP 
§ 804. 

Claim Rejections - 35 USC §112 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

11. Claims 1-6, 9 are rejected under 35 U.S.C. 112, first paragraph, because the specification, 
while being enabling for certain compounds, does not reasonably provide enablement for the 
protracted list of compounds bearing the protracted list of substituents. The specification does 
not enable any person skilled in the art to which it pertains, or with which it is most nearly 
connected, to make or use the invention commensurate in scope with these claims. There are 
many factors to be considered when determining whether there is sufficient evidence to support a 
determination that a disclosure does not satisfy the enablement requirement and whether any 
necessary experimentation is '*undue." These factors include, but are not limited to the following: 

(A) The breadth of the claims; 

(B) The nature of the invention; 

(C) The state of the prior art; 

(D) The level of one of ordinary skill; 

(E) The level of predictability in the art; 

(F) The amount of direction provided by the inventor; 

(G) The existence of working examples; and 

(H) The quantity of experimentation needed to make or use the invention 

In re Wands, 858 F.2d 731, 737, 8 USPQ2d 1400, 1404 (Fed. Cir, 1988). 
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(A) The breadth of the claims: The claims are very broad encompassing a variety of 

compounds, bearing multiple substitutions (B) The nature of the invention: This is a chemical 

invention requiring the synthesis of compounds. (D) The level of one of ordinary skill: One of 

ordinary skill is a practicing organic chemist. (C) The state of the prior art: Little prior art 

exists on these complex compounds, however the synthesis will be evaluated on what is known 

using scientific principles. (E) The level of predictability in the art: Chemistry is 

unpredictable. See In Re Marzocchi and Horton 169 USPQ at 367 paragraph 3. As stated in the 

preface to a recent treatise: 

"Most non-chemists would probably be horrified if they were to learn 
how many attempted syntheses fail, and how inefficient research 
chemists are. The ratio of successful to unsuccessful chemical 
experiments in a normal research laboratory is far below unity, and 
synthetic research chemists, in the same way as most scientists, spend 
most of their time working out what went wrong, and why. Despite 
the many pitfalls lurking in organic synthesis, most organic chemistry 
textbooks and research articles do give the impression that organic 
reactions just proceed smoothly and that the total synthesis of complex 
natural products, for instance, is maybe a labor-intensive but otherwise 
undemanding task. In fact, most syntheses of structurally complex 
natural products are the result of several years of hard work by a team 
of chemists, with almost every step requiring careful optimization. 
The final synthesis usually looks quite different from that originally 
planned, because of unexpected difficuhies encountered in the initially 
chosen synthetic sequence. Only the seasoned practitioner who has 
experienced for himself the many failures and frustrations which the 
development (sometimes even the repetition) of a synthesis usually 
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implies will be able to appraise such work Chemists tend not to 

publish negative results, because these are, as opposed to positive 

results, never definite (and far too copious) " Dorwald 

F. A, Side Reactions in Organic Synthesis, 2005, Wiley: VCH, 
Weinheim pg. IX of Preface. 

(F) The amount of direction provided by the inventor, (G) The existence of working 
examples, and (H) The quantity of experimentation needed to make or use the invention: 

The examiner will first consider the Markush structure I of claim 1, and discuss the limitations 
inherent to the paucity of available starting materials, as well as the inherent limitations of the 
chemistry used to prepare the examples. As per MPEP: 
As per MPEP: 

A key issue that can arise when determining whether the specification is enabh'ng is 
whether the starting materials or apparatus necessary to make the invention are available. 
In the biotechnical area, this is often true when the product or process requires a 
particular strain of microorganism and when the microorganism is available only after 
extensive screening. The Court in In re Ghiron, 442 F.2d 985, 991, 169 USPQ 723, 727 
(CCPA 1971 ), made clear that if the practice of a method requires a particular apparatus, 
the application must provide a sufficient disclosure of the apparatus if the apparatus is not 
readily available. The same can be said if certain chemicals are required to make a 
compound or practice a chemical process. In re Howarth, 654 F.2d 103, 105, 210 USPQ 
689,691 (CCPA 1981). 

The synthetic route and starting materials that the applicant has provided to make the scope of 
this invention has been reproduced below as Scheme 1 : 
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6 

O 

MeHN 




Scheme 1 . The chemistry relied on to construct applicant's compounds. 

The key materials here are the n-bromo-2-fluoro-toluene derivative 1, the N-Boc-4- 
amino c> Icohexanone 2, phenols such as 8 bearing amide groups, and glycidols 9. A search for 
each of these materials in the Aldrich Chemical Company catalog (St. Louis, MO) was 
conducted, the reulsts of which are reproduced below: 
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Most disturbingly we do not find the 5-chloro derivative which is required to synthesize all of the 
compounds that were actually made. We can see that Ri can be nothing but fluoro, 
trifluormethyl or chloro. 
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No such cyclohexanones appear to be commercially available. While many phenols such as 8 
are commercial, it would appear that the amide functionality (reverse as well) is required for 
activity, based on the fact that applicant has no examples of compounds that are not amides (in 
the ortho position) and the fact that Xue et. al. (supra) require the amide moiety for antagonism. 
To the examiners knowledge only one nosylglycidol, namely compound 9, is commercial. 
Substituents should be limited to lower alkyl. 

According to the U.S. Court of Customs and Patent Appeals in In re Argoudelis, De 
Boer, Eble, and Herr 168 USPQ 99 at lOL "[o]rdinarily no problem in this regard arises since 
the method of preparing almost all starting materials can be set forth in writing if the materials 
are not already known and available to the workers in the art, and when this is done the 
specification is enabling to the public". In re Argoudelis, De Boer, Eble, and Herr 168 USPQ 99 
at 104, "it is essential that there be no question that, ai the time an application for patent is filed, 
(emphasis in original) the invention claimed therein is fully capable of being reduced to practice 
(i.e., that no technological problems, the resolution of which would require more than ordinary 
skill and reasonable time, remain in order to obtain an operative, useful embodiment)." That is 
not the situation here. Rather we find no direction as to how the many required staring materials 
of formula 1, 2, 8, and 9 are to be obtained. Where may the directions to prepare or buy them be 
found? 

In re Howarth, 210 USPQ 689, (claimed derivatives of clavulanic acid not enabled by 
specification lacking information of how prepare the clavulanic acid or directions to reference 
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materials containing such information), Ex parte Schwarze 151 USPQ 426 (where starting 
material is not known to art as of date of filing application, there must be included a description 
of preparation thereof to enable one skilled in this art to carry out applicant's invention), Ex parte 
Moersch 104 USPQ 122 (claims to process for the production of (l)-yl-p-nitrophenyl-2- 
dichloracetamindo-propane-l,3-diol not enabled because of failure to describe source or method 
of obtaining starting compound; although starting compound is identified by means of 
appropriate name and by structural formula). Genetech Inc Vs Nova Nordisk 42 USPQ 2d 1001 
"A patent is not a hunting license. It is not a reward for search but compensation for its 
successful conclusion and patent protection is granted in return for an enabling disclosure of an 
invention, not for vague intimations of general ideas that may or may not be workable." 
For guidelines on the relationship of working examples and the size of claimed genus see the 
MPEP2164: 

WORKING EXAMPLES AND A CLAIMED GENUS For a claimed genus, representative examples 
together with a statement applicable to the genus as a whole will ordinarily be sufficient if one skilled in 
the art (in view of level of skill, state of the art and the information in the specification) would expect the 
claimed genus could be used in that manner without undue experimentation. Proof of enablement will be 
required for other members of the claimed genus only where adequate reasons are advanced by the 
examiner to establish that a person skilled in the art could not use the genus as a whole without undue 
experimentation. 

2164.03 Relationship of Predictability of 
the Art and the Enablement Requirement 

(R-21 The amount of guidance or direction needed to enable the invention is inversely related to the 
amount of knowledge in the state of the art as well as the predictability in the art. In re Fisher, 427 F.2d 
833, 839,166 USPQ 18, 24 (CCPA 1970). The "amount of guidance or direction" refers to that 
information in the application, as originally filed, that teaches exactly how to make or use the invention. 
The more that is known in the prior art about the nature of the invention, how to make, and how to use the 
invention, and the more predictable the art is, the less information needs to be explicitly stated in the 
specification. In contrast, if little is known in the prior art about the nature of the invention and the art is 
unpredictable, the specification would need more detail as to how to make and use the invention in order 
to be enabling. >See, e.g., Chiron Corp v. Genentech Inc., 363 F.3d 1247, 1254, 70 USPQ2d 1321, 1326 
(Fed. Cir. 2004) ("Nascent technology, however, must be enabled with a 'specific and useful teaching.' 
The law requires an enabling disclosure for nascent technology because a person of ordinary skill in the 
art has little or no knowledge independent from the patentee's instruction. Thus, the public's end of the 
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bargain struck by the patent system is a full enabling disclosure of the claimed technology." (citations 
omitted)). < The "predictability or lack thereof in the art refers to the ability of one skilled in the art to 
extrapolate the disclosed or known results to the claimed invention. If one skilled in the art can readily 
anticipate the effect of a change within the subject matter to which the claimed invention pertains, then 
there is predictability in the art. On the other hand, if one skilled in the art cannot readily anticipate the 
effect of a change within the subject matter to which that claimed invention pertains, then there is lack of 
predictability in the art. Accordingly, what is known in the art provides evidence as to the question of 
predictability. In particular, the court in In re MarzocchU 439 F.2d 220, 223-24, 169 USPQ 367, 369-70 
(CCPA 1971), stated: 

|I]n the field of chemistry generally, there may be 

times when the well-known unpredictability of chemical 

reactions will alone be enough to create a reasonable 

doubt as to the accuracy of a particular broad statement 

put forward as enabling support for a claim. This will 

especially be the case where the statement is, on Its face, 

contrary to generally accepted scientific principles. Most 

often, additional factors, such as the teachings in pertinent 

references, will be available to substantiate any doubts 

that the asserted scope of objective enablement is in fact 

commensurate with the scope of protection sought and to 

support any demands based thereon for proof. [Footnote 

omitted] 

The scope of the required enablement varies inversely with the degree of predictability involved, but even 
in unpredictable arts, a disclosure of every operable species is not required. A single embodiment may 
provide broad enablement in cases involving predictable factors, such as mechanical or electrical 
elements. In re Vickers, 141 F.2d 522, 526-27, 61 USPQ122, 127 (CCPA 1944); In re Cook, 439 F.2d 
730,734, 169 USPQ 298, 301 (CCPA 1971). However, in applications directed to inventions in arts where 
the results are unpredictable, the disclosure of a single species usually does not provide an adequate basis 
to support generic claims. In re Soil, 97 F.2d 623, 624, 38 USPQ 189, 191 (CCPA 1938). In cases 
involving unpredictable factors, such as most chemical reactions and physiological activity, more may be 
required. Inre Fisher, 427 F.2d 833, 839, 166 USPQ 18, 24 (CCPA 1970) (contrasting mechanical and 
electrical elements with chemical reactions and physiological activity). See also In re Wright, 999 F.2d 
1557, 1562, 27 USPQ2d 1510, 1513 (Fed. Cir. \ 993); In re Vaeck, 947 F.2d 488, 496, 20 USPQ2d 1438, 
1445 (Fed. Cir. 1991). This is because it is not obvious from the disclosure of one species, what other 
species will work. 

If such starting materials could be obtained compounds could be obtained it is very 
clear that the protracted list of substituents for cannot undergo the synthetic procedures given. 
Nitriles and other electrophiles will also undergo addition by Grignards (Jie Jack Li Name 
Reactions A Collection oj Detailed Reaction Mechanisms "Grignard Reaction" Third Expanded 
FMition Springer 2006, pg. 271-272. Metal halogen exchange between a ("halo") like iodine and 



a Grignard will also occur (Knochel et. al. Angew. Chem. Int. Ed 2003, 42, 4302 -4320). The 
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''alkylhalo" compounds will undergo metal halogen exchange when in the presence of a 
Grignard (Knochel ibid.). 

Another disturbing feature of what is before the examiner, is the fact that it appears that 
no assays were performed. These compounds may perform in this assay however this has not 
been asserted. I here is no support in the specification for the use of these compounds as 
chemokine antagonists. While applicant states on pg. 40 "Compounds are evaluated by their 
ability to depress the chemotactic response to a standard concentration of MlP-la chemokine." 
No evidence is given that these compounds actually were shown to have this activity. Given that 
similar compounds have the activity we can assume they have this activity (supra). The 
assumption that a chemokine receptor is involved may be incorrect, given that agonism at other 
GPCRs (5"0piod receptors for instance), can lead to down regulation of chemokine receptors via 
heterodimers or higher oligomer complex formation (Chen et. al. European Journal of 
Pharmacology 2004, 483, 175-186.). The complete receptor profile of THP-1 cells is not 
known. Applicant may consider a binding assay as in Carroll et. al. WO 00/014086 cited by 
applicant ref. AG pg. 34: 

The activities of test compowda are reported in the 
10 Table below as IC^, values or the inhibitor concentration 
required for 50% inhibition of specific binding in receptor 
binding assays using "h-RANTES or "^MlP-la as Ugand and 
THP-1 cell membranes. Specific binding is defined as the 
total binding minus the non-specific binding; non-specific 
15 binding is the aniount of cpm still detected in the presence 

125 

of excess utaabeled Rantes or MlP-la. 

or Bondinell et. al. WO 01/64213 Al pg. 23-25 cited by applicant ref. AH 
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25 BiotoRical Data; 

CCR? Rgygptoy Wm4m Assay 

CHO cell membranes (0,25 x 10* cell equivalents) derived from CHO cells siably 
Uansfcctcd with <XR5 were incubated with 03 ^25ntANTES in a 96 well plate for 
45 min. at rwm temperature (final leaciion volume 200 ul). The reaction was 
30 terminated by filtration and the filters (GF/C) were washed twelve tintes with a 
solution of phosphate buffered saline containing 0. 1 % bovine senim albumin and 
O.OS % NaN3. The radioactivity bound to Txlnas was measured by liquid 
sdntillation spectrometry. NcHi-spedfic binding was determined in the presence of 
unlabelled RANTES (10 or 30 nM) and averages 30-50% of total binding. 
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CCR5 Receptor Functional Assay 

The cellular functioaal assay used to assess antagonist activity of compounds was 
RANTES-induced O^^ mobiiizalion in RBL 2H3 cells stably expressing tbe 
hCCRS or mCCRS receptor (RBL 2H3 MXRS). Agonist activity is detennined by 
S Ca2+ mobilization in the same cells which is inhibitable by a selective CCRS 
antagonist. Cells were grown to 80-100% confluency in T- 150 flasks and washed 
with phosphate-buffered saline. Cells were lifted from the flasks by treating with 3 
mL of 1 mM EDTA for 3 min. at room temperature and diluting to 2 X 10^ cells/mL 
with Krcbs Ringer Hcnsckil buffer (KRH; 1 18 mM NaCl. 4.6 mM KCl, 25 mM 

10 NaHC03, 1 mM KH2PO4 and 1 1 mM glucose) containing S mM HEPES (pH 7.4), 
I mM CaCl2, 1 mM Mga2 and 0. 1 % BS A and centrifuged at 200g for 3 min. <Mh 
were lesuspendod ai 2 X 10^ oells/mL in the same buffer with 2 piM Fura-2AM, and 
incubated for 35 min. at 37^ C, Ctlh were centrifugcd at 200 x g fw 3 min. and 
resuspcnded in the same buffer without Rira-2AM, then incubated for 15 min. at 

IS 37^ C to complete the hydrolysis of intracellular Fura-2AM. and then centrifiiged as 
before. Cells (10* cells/mL) were lesuspended in cold KRH with 5 mM HEPES 
(pH 7.4). 1 mM CaCl2* 1 mM MgCl2 and 0.1% gelatin and maintained on ice until 
assayed* For antagonist studies, aliquots (2 mL) of cells were prewanned at 37^ C 
for S min. in 3 mL plastic cuvettes and fluorescence measured in a fluoromcter 

20 (Johnson Foundation Bionmlical Group, Philadelphia, PA, USA) with magnetic 
stirring and temperature maintained at 37° C. Excitation was set at 340 nm and 
emission set at 5 10 nm. Various concentrations of antagonists or vehicle were added 
and fluorescence monitored for ^15 sec to ensure that there was no change in 
baseline fluorescence, followed by the addition of 33 nM RANTES. Maximal Ca^^ 

25 attained aAer 33 nM RANTES stimulation was calculated as described by 

Grynktewicz ei al., (1985), The percent of maximal RANTES-induced Ca2+ was 
detemiined for each concentration of antagonist and the ICso^ defined as the 
concentration of test compound that inhibits 50% of the maximal 33 nM RANTES 
response, obtained from the concentration^response curves (5-7 concentrations of 

30 antagonists). Alternatively, this CCR5 receptor functional assay was performed on 
murine CCRS (mCCR5) with a RANTES cooccnuation of 2nM. 

The compotinds of this invention show CCRS receptor modulator activity 
having IC50 values in the range of 0.0001 to 100 |iM. The full structure/activity 
relationship has not yet been established for the compounds of this invention. 

35 However, given the disclosure herein, one of ordinary skill in the art can utilize the 
present assays in order to determine which compounds of formula (!) are modulators 
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Conclusion 
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12. No claims are allowed. This action is FINAL. Any inquiry concerning this 
communication or earlier communications from the examiner should be directed to David K. 
O'Dell whose telephone number is (571) 272-9071. The examiner can normally be reached on 
Mon-Fri 7:30 A.M,-5:00 P.M EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
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Organic Synthesis: General Remarks 



1.1 

tfttyoductlon 

Ofganic reactions almost never yiM exclusively the desired product. Students )eam 
this when they perfomt their fust synthesis in the laboratory, for example the syn- 
thesis of anisole from phenol. Although the starting materials, the intermediates, 
and the product are all colorlesSr the reaction mixture will turn uncannily daric. This 
darkening shows that in reality much more is going on in addition to the expected 
process, and that dyviously quite complex chemistry must be occurring, giving rise 
to extended conjugated polyenes from simple starting materials. Fortunately these 
dyes are usually formed in minute amounts only and the student will hopefully also 
learn not to be scared by cobr effects, and that even from pitch-Hack reaction mix- 
tures colorless crystals may be isolated in high yield. 

Because most reactions yield by<products and because isolation and purification 
of the desired product are usually the most diflkult parts of a preparation, the work- 
up of each reaction and the separation of the product from b)f-products and reagents 
must be arefuily considered while planning a synthesis. If product isolation seems 
to be an issue, the work-up of closely related examples from the literamre (ideaUy 
two or three from different authors) should be studied. Many small hydrophilic 
organic compounds which should be easy to prepare are still unknown, not because 
no^Kxly has attempted to make diem, but because isolation and purification of such 
compounds can be very difficult. Therefore the solubility of the target compound in 
water and in organic soWents, and its boiling or mehing point, should be looked up 
or estimated, because these will aid choice of the right work*up procedure. 

The chemical stability of the target compound must also be taken into account 
while plarming its isolation* Before starting a synthesis one should also have a clear 
idea about which analytical tools will be most appropriate for following the progress 
of the reaction and ascertaining the identity and purity of the final product Last, but 
not least, the toxicity and mutagenicity of all reagents, catalysts, solvents, products, 
and potential by-products should be looked up or estimated, and appropriate precau* 
tionBty metsuns shotdd be taken. 
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2|. ? OffBrtk Synthik Cftwfiil Hcmofkt 
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The sjoithesis of a stnictuialiy complex compound requires ardul retrosynthetk 
analysis to identiiy the shortest synlhetic strategies which are most likely to give 
rapid access to the target compound, ideally in high yield and purity. U is critical to 
keep the synthesis as short as possible, because, as discussed throughout this book» 
each reaction can cause unexpected problems, especially when working with struc- 
turally complex intermediates. Also for synthesis of "simpWooking* structures sev- 
eral different approaches should be considered, because even stmcturaDy simple 
compounds often turn out not to be so easy to make as initially thought. 

1.2.1 

Ctonvsfftntys Linear Synthoses 

If a target compound can be assembled from a given number of smaller fragments, 
the highest overall yields will usually be obtain^ if a convergent rather than linear 
strategy is chosen (Scheme 1.1). In a convergent assembly strategy the total number 
of reactions and purifications for all atoms or fragments of the target are kept to a 

convorgent strategy: 

ABCOEFGH 

11(1 

AH9 C-0 t-f 0-H 

i 

A-B--C-0-e-f-G-H 

7 reactions, total yield wKh respect (o monomer A: 51% 
{tor 80% yieM per coupln9 step) 

linear strategy; 

A — ♦ A-B-C — ^ A-'B--C-D ^ A-B^~OHE 

A-B--C-D--€-f — A-&-C-C>-e-(r-<3 A-B'^-O-E-f-'G-H 

7 flections, (ptat yield with respect to monomer A: 2 1% 

(for 60% yield per coupling step) 

Scheme 1 X Convergent and linear a$sembl)r strategies . 
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minimum, tf a linear strategy is chosen the first fragment (A in Scheme l.l) will be 
sub|ected to a large number of reactions and purifications, and the total yield with 
regard to this 5rst fragment will be rather low. Syntheses should be organized in 
such a way that expensive and/or structurally complex fragments are subjected to 
d)e fewest possible number of transfoimations. 

).2.2 

Retrosynthetic Analysis 
1.2.2,1 tntfoduction 

When planning a synthesis, the most suitable starting materials should be chosen. 
These should be structurally and/or stereochemtcally as closely related to the target 
as posstUe* to keep the synthesis brief. The first steps of a good synthesis may even 
be low*yielding (if the products are easy to puiify), because at these eaily suges little 
work and reagents have been invested and ^e intermediates are still cheap. Poor 
yields at later stages of a multistep synthesis, however, strongly reduce its useful- 
ness, because most steps of the synthesis will have to be run on a large scale, using 
large amounts of solvents and reagents, to obtain a small amount only of the final 
product, which will accordingly, be rather expensive. 

In a renrosynthesis the easiest bonds to make are often cleaved first (i.e. these 
bonds will be made at the end of the synthesis), yielding several fragments which 
can be joined together at late suge$ of the synthesis, using straightforward and 
high-yielding chemistry. Such reactions would usually be condensations, for exam- 
ple acetal, amide, or ester formation, or the fomtation of carbon-heteroatom bonds, 
but might also be high«yielding OC bond^forming reactions if the required reaction 
conditions are compatible with aD the structural elements of the final product. 

If the target conUins synthetically readily accessible substructures (e.g. cyclic ele- 
ments accessible by well established cycloaddition or cyclization reactions), these 
might be chosen as starting point of a disconnection |t|. If such substructures are 
not present, their generation by introduction of removable functional groups (e.g. by 
converting single bonds into double bonds or by formal oxidation of me%lene 
groups to carbonyl groups, Scheme 1.5) should be attempted. If this approach fails 
to reveal readily accessible substructures, the functional groups present in the target 
structure which might assist the stepwise construction of the carbon framework 
must be identified, and the bonds on the shortest bond paths between these groups 
should be considered as potential sites of disconnection (Scheme 1.3). Retro*aldol or 
Mannich reactions, optionally combined with the "Umpolung^ of functional groups, 
have been the most common and successful tools for disconnection of intricate car- 
bon frameworks, but any other, high-yiek^ng O-C bond«forming reaction can also 
be considered. As illustrated by the examples discussed below, a good retrosynthesis 
requires much synthetic experience, a broad knowledge of chemical reactivity, and 
the ability to rapidly recogniie synthetically accessible substructures. 



4j } Organic Syfitheth: Ctntfol Hmofks 
} 2.1.2 ShIlcimicAcM 

fn Scheme 1.2 one possible retrosynthetic analysis of the unnatuyal enantiomer of 
shikimic add, a major bk>syntfaetic precunor of aromatic a-amuio adds, is 
sketched. Because cis dihydroxylations can be performed with high diastereoselectiv* 
ity and yield, this step might be pbced at the end of a synthesis, what leads to a 
cydohexadlenoic acid derivative as an intermediate. Chemoselective dihydroi^ylaHon 
of this compound should be possible, because the double bond to be oxidized is less 
strongly deactivated than the double bond directly bound to the (electronr-withdraw* 
ing) carboxyi group. 

Despite being forbidden by the Baldwin rules (S>endo*trig ring opening; see Sec- 
tion 9.2). cydohexadlenoic acid derivatives such as that required for this synthesis 
can be prqared by base^induced ring scission of 7-oxanorbomene derivatives, pre- 
sumably because of die high strain-energy of nosbomenes. The required 7-oxanor- 
bomene, in turn, should be readSy accessible from furan and an acrylate via the 



Rotrosynlhesis; 




9n(->shMniic add 



Synlhesla: 



10 eg ^ 



leq 



-7e*CtoO*C. THF 
thenTBSOTt 2.6-)utfdlne 
-76 >C 

S0% 



5% car 
10%A9S(>F» 
-7a^C. CH,C«,.42h 
then focfyatrtteatton 

07% 




>97%ee 



uset.-20'c 

THF. then 
MeOH.Ca,cq, 

93% 



TBAF. THF 



^OMe 




Scfctme 1.2, Retfoi/Mhetto analysis and s/nthes^s of e/*l*sMlr)m}c acid (2). 
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Diels^Aider reaction. With the aid of an enantiomeiically pure Lewis acid this 
IHels-Alder reaction yields a highly enantiomertcaily enriched 7«oxaDorbomenet so 
that the reniatning steps of this elegant synthesis only need to proceed diastereo- 
selectively and without racemization. 

) .2.2.3 lycopodine 

A further target which contains a readily accessible and easily recognizable substruc- 
ture is the alkaloid lycopodine. Being a ^-amino ketone» a possible retrosynthesis 
could be based on an intramolecular Mannich reaction, as outlined in Scheme IJ. 
In this case two of the urgets four rings would be generated In one step by a Man* 
nich condensation; this signiRcantly reduces the total number of steps required. A 
robust, intramolecular N*alkylation was diosen as last step. Realization of this syn- 
thetic plan led to a synthesis of racemic lycopodine in only eight steps with a total 
yield of 13 96 [3). Fortunately the Mannich reaction yielded an intensiediate with the 
correct relative configuration. 




Sditm* U. Retrof ynthesis of lycopodtne based on ftn Intramolecular 
Mannkh reaction (3|. 



1 .2.2.4 The Oxy*Cope RearrangemenI 

Less obvioits than the retrosyntheses discussed above are those based on Intramole* 
cular rearrangements, because these often involve a major change of cormectivity 
between atoms. For instance, exploitation of <»cy*Cope rearrangements as synthetic 
tools requires some practice and the ability to recognize the substructures accessible 
via this reaction from readily available starting materials. Oxy*Cope rearrangements 
yield 4>penten>l7) ketones by formal allylation of a vinyl ketone at the fi position or 
)^-vinylation of an allyl ketone (Scheme 1.4). This rearrangement can be used to pre- 
pare decalins |4| or perhydroindenes(5, 6| from bicydo(2.2.2)octenones or norbome- 
nones, respective^, which can be prepared by using the Dtels-Alder reaction. More* 
over. oxy-Cope rearrangements may be used for ring expansions or contractions. 
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$ch«m« >.4. The o«y*Cofi« rearrangtmftnt. 

NumerDus natural products have been prepared using the oxy-Cope reanange- 
ment as the key step(S), in particular, and with high virtuosity, by the group of LA. 
Paquette|4. 6. 7]. Three examples of retrosynthetic analyses of natural products or 
analogs thereof based on the oxy-Cope rearrangement are shown in Scheme 1.5. 
Because all the products are devoid of a keto group, the required 4-penten4*yl 
ketone substructure (i.e. the oxy-Cope retron(l)) must be introduced during the 
retrosynthesis in such a way that accessible starting materials result. 
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Scheme VI. Retfosynthes^s of an am^rgrts-type ether, of prec«pnell»dienr, 
and of an alkaloid based on the oxy-Cope rearrangement |S«10|. 



t| 1 Of^Qfuc Synthnh: Cti^rot Hmoih 
1.2.2.S Omdtision 

As wi]} be shown throughout this book« the outcome of organk reactions is highly 
dependent on all structural features of a given starting materia), and unexpected 
products may readily be formed. Therefore, while.planning a muitistep synthesis, it 
is important to keep the total number of steps as low as possible. 




-0-^1 



Bu,$nH,AIBN 

ao«c«c,Hi 




60% 



Scheme 1.6. Rearrangement of pol)rqr<lic cycbbutytmetHyl radkals |1 M 2). 




I J Hor4 and Soft Acids Bases 

Even the most experienced chemist will not be able to foresee all potential pitfalls 
of a synthesis, specially so if multifunctional, stmcturaUy comploc intermediates 
must be prepared. The dose proximity or conformational fixation of functional 
groups in a large molecule can alter their reactivity to such an extent that even sim- 
ple chemical transfomnations can no longer be performed Small structural vari- 
ations of polyfunctional substrates might, therefore, bring about an unforeseeable 
change in reacrivity. 

Examples of closely related starting materials which upon treatment with the 
same reagents yield completely different products are sketched in Scheme 1.6. The 
additional methyl group present in the second starting material slows addition to 
the carbonyl group of the radical formed by ring scission of the cydobutane ring, 
and thus prevents ring expansion to the cydohexanone. Removal <^the methoxycar* 
bonyl group leads to deayage of a different bond of the cydobutane ring and thereby 
again to a difierent tfpe of product (12). 

The understanding and prediction of such effects and the development of milder 
and more selective' synthetic transformations, applicable to the synthesis of highly 
complex structures or to the selective chemical modification of proteins, DNA. or 
even living cells will continue to be the challenge for current and future generations 
of chemists. 



1.J 

Hard and SoU Adds and Bases 

One of the most useful toob for predicting the outcome of chemical reactions is the 
prindple of hard and sof^ acids and bases (HSAB), formulated by Pearson in 
1963 (I^IS). This prindple sutes that hard adds will react preferentially with hard 
bases, and soft acids with soft bases, "hard* and "soft" referring to sparsely or highly 
polarizable reactants. A selection of hard and soft Lewis adds and bases is given in 
Table 1.1, 

Several chemical observations can be readily explained vrith the aid of the HSAB 
principle. For instance, the hex that ^e early transition metals in high oxidation 
states, for example titanium^lV), do not usuaUy form complexes with alkenes, car- 
bon monoxide, or phosphines, but form stable oxides instead can be attributed to 
their hardness. The late transition metals, on the other hand, being highly polariz* 
able, because of their almost completely filled d orbitals, readily form complexes 
vrith soft bases such as alkenes, carbanions, and phosphines. and these complexes 
are often unreactive towards water or oxygen. For the same leason. in alkali or earty 
transition metal enolates the metal is usually bound to oxygen, whereas enolates of 
late transition metaJs usually contain M«C bonds(l7« 16). While alkali metal alkyls 
or Grignard reagents react with enones presumably by initial coordination of the 
metal to oxygen followed by transfer of the alkyi group to the carbonyl carbon 
atom (16, 19], organocuprates or organopaUadium compounds preferentially coordi* 
nate and transfer their organic residue to soft C«C double bonds. 



I ? Oipnifi Synth§$i$: Cemml Hmafh 

H»rd and soft lewif acids and bases p3, 15. iq (Z«flectron«withdrawlng f^roup, 
M » meut^. The actdk or basic ctmers in mofocufes are (o Italia. 

Hand acldi {noiHiietal^ tordeifiiie ecMs (noivmetals) Soft acidf (non-metats | 



H*. 0(OR)3. BF). BCI). 
RCO*. COj, NC. M»*. 

RSO,*. ROSO/, 50,, Se**. 



fiR,.R^(sofWr 
CH|*>RCH,'>R,CH*> 
R,<r>¥inyr-C6H5*- 
ROC harder^, RCHO, 
RjCO. RjC-NR, NO*. SO, 



BHi. Ar-Z. C*C-Z. quinones, 
carbenw. HO*, RO*. RS*. RSr\ 
Rr^^ Bfi. Br*. Ii. r 



H»id Mida (metab) Soi4«^«c{da (iMUfo) Sdl tcids (mtMb) 

U*. Na*. K*. BeMe,. Be»*. CaH,. Sn(OR)4. SiiCU. I^b**. Ci*. TiMe,. T1\ H**, Pd(PAr,)a. 

RM^ Mg'*, Ca**. Sr*\ AfO,, Sb**. ?i**. S<(OTf)i. ScQi. Pd(PAf jh'*. i*^*. Cw\ 

AJMe,. A/Hi, A/(OR>j. AI**, Pc**, Co'^ Ni't. Cu'*, RZn*, Ag*. Au\ O/R*, Cd**, KgR*, 

C«Me,. Ca**. i«Me,, \n\ Zn^\ Ylf(OTI),. nO, Hg*, 
SnR,*.Siil4ex'*, Sn^ Sc^ 

u»*. 71{OR)4.r^^^^**.vo,^ 
a^Pe^co^lr'^'n^*•. 



Hard baiaf eofderflno bma Soft baiot 



iVH,. RNHi, RiAT. SiH^, MHa'. Nj. Nr» PhNH,, H^. BH^. (softer ROC> 

H,0, OH-. ROH, RCr, R,0, R,N, C,H$N, R,C«im, NO,". vinyi-> R,C hardci), C»H», 
RCOi'. C0|^ NO,-. POh*-. S0,^ Br RiCVCR,. RChCR, OT. RNC 

SO**", aor. r. cr co, pr,, p(or),. a»r,. Rr. 

SOT. RSH, RiS.SjO,*", 

R5r, r 



HSAB is particularly use^ for assessing the reactivity of ambident nudeophiles 
or electrophilea, and numerous examples of chcmoselective reactions given 
throughout this book can be explained with the HSAB principle. Hard electrophtles. 
for example alky) tiiOates, alkyl sulfates, trialkyloxonium salts. electron*poor car- 
benes, or the intermediate alkoxyphosphonlum salts fomcd from alcohols during 
the Mitsunobu reaction, tend to alkylate ambident nudeophiles at the hardest atom. 
Amides, enolates, or phenolates. for example, will often be alienated at oxygen by 
hard electrophiles whereas softer electrophiles. such as alkyl iodides or electron- 
poor atkenes, will preferentially attack amides at nitrogen and enoiates at carbon. 

2'Pyridone is Oalkylated more readily than normal amides, because the resulting 
products are aromatic. With soA electrophiles, however, dean N-alkylations can be 
performed (Scheme 1.7). The Mitsunobu reaction, on the other hand, leads either to 
mixtures of N< and Oalkylated products or to 0-alkylation exclusively, probably 
because of the hard. carbocation^Iike diaracter of the intermediate alkoxyphospho- 
nlum cations. Electrophilic rhodium carbene complexes also preferentially alkylate 
the oxygen atom of 2'pyridone or odi«- lactams (20) (Scheme 1 7). 
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Lactams and some non^cydic. secondaiy amides (RCONHR) can be aikylated 
with high regioselectivity either at nitrogen (Section 6.6) or at oxygen. N^ADcylations 
are generally conducted under haste reaction conditions whereas O-alkylations are 
often performed with trialkyloxonium salts, dialicyl sulfates, or alkyl halides/siWer 
salts without addition of bases. Protonated imino ethers are formed; these are 
usually not isolated but are converted into the free imino ethen with aqueous base 
during the work up. Scheme 1.8 shows examples of the selective aUcylation of lac* 
tarns and of the formation of 2-pyrrolidinones or Z-imlnotetrahydrofurans by cycli* 
zatuin of 4-btomobutyramides. 
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SchemeU. Regtoselective atlcylallon of amkles (23-271. 





The trifbte sketched in Scheme 1.9 mainly alkylates the amide at oxygen, instead 
of alkylating the soAer. lithiated phcsphonate. Selective C-alkylation can be achieved 
in this instance by choosing a less reactive mesylate as electrophile and by enhanc- 
ing the acidity of the phosphonate. 

'Hie rcgioselectivity of the alkylation of enolates can also be controlled b^ the hard- 
ness of the alkylating agent |29). As illustrated by the examples in Scheme 1.10« allyl, 
propargyl, or alkyi bromides or iodides mainly yield Calkylated products, whereas 
the harder sulfonates preferentially alkylate at oxygen. 
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1.4 

Tilt Cwtii>-H»fiim«lt Principle 

In the 1940s the idea was prevalent among chemists that the confonnation of a reac< 
tant cov3d be determined i^om the structure of a reaction product, i.e. the ma^or 
conformer would yield the major product. This assumption was shown to be incor- 
rect by Curtin and Hammett in the 19$0s(J2). 

For a reaction 111 which a starting material A is an equilibrium mixture of two 
conformers (or diastereomers. tautomers, rotamers. etc.) A* and A'(Eq.l.t). two 
extreme situations can be considered - one in which equilibration of A^ and is 
slow if compared with their reaction with B 1^ « k^, l^), and one in which equi- 
Ubration of and A^ is much foter than their reaction with B fc' »^ J^S 
6 k< e 

C A^ sf5r=±: A» ► 0 (Eq. M) 



)4| } Offipnic S^nthffit: Central Remofh 

if equilitifration of A' and is slow, the product ratio |C]/[D] will be equal to the 
ratio of conformers of the starting material A (|A^)/{A')) and independent of the ratio 
k^ll(?. If equilibration is rapid, however^ the amount of C and D formed will depend 
both on the ratio of starting materials (|A^]/|A^]) and on the ratio of the two reaction 
rate constants fc^and k"*: tDl/|q-(A*l/{A'lxk'*/k^l32I. 

The main implication of these derivations is tfiat if equilibration is rapid, the 
product ratio cannot always be intuitively predicted if the reaction rates and 
are unlcnown. Because energy-rich confoimers, present in low concentrations only, 
are often more reactive than more stable conformers, it is not unusual for the main 
product of a reaction to result from a minor confbrmer which cannot even be ob* 
served. 

Two examples of such situations are sketched in Scheme 1.11. Quatemi2ation of 
tropane occurs mainly from the less hindeied "pyrrolidine side** (equatorial attack at 
the piperidine ring), even though the main conformer of tropane has an equatorial 
methyl group. Similarly, 1-methyl-Z-phenylpynolidine yields mainly an onti alky- 
lated product via alkylation of the minor cis conformer when treated with phenacyl 
bromide |33). In both instances the less stable conformer is more reactive to such an 
extent that the major product of the reaction results from this minor conformer. A 
further notable example of a reaction in which the main product results firom a 
minor but more reactive intermediate is the enantioselective hydrogenation of 
a*acetamidocinnamates wi^ a chiral rhodium*based catalyst [34]. 

This does, however, not need to be so. Oxidation of l*methyl<4>ten-butylpiperi* 
dine, for example, yields mainly the amine N-oxide derived from the most stable 
' conformer (Scheme 1.12). In this example the more energy*rich (less stable) confor- 
mer reacts more slowly than the major conformer. 
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To condude, the Curtin-Hammett principle states that the relative amounts of 
products formed from two interconvetting conformen depend on the reactivity of 
these two conformen if the interconversion of these confonners is rapid, and cannot 
ah^ys be Intuitively predicted. 
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- The MAILING DATE of this communication appears on the cover sheet with the correspondence address- 

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously nnailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 
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3. B Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 
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Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be subnnitted. Note the 
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Notice of Allowability 



Part of Paper No /Mail Date 20080320 



Application/Control Number: 10/579,545 Page 2 

Art Unit: 1625 

DETAILED ACTION 

1. According to a preliminary amendment filed on May 16, 2005, the applicants have 
canceled claim 12 and furthermore, have amended claims 3-6, 10, 11 and 13-19. 

2. Claims 1-11 and 13-19 are now pending in the application. 

EXAMINER'S AMENDMENT 

3. The following amendment is pursuant to a telephone conversation with the 
applicant's attorney, Mr. John Kendall on March 20, 2008. The following changes have 
been made in claims and specification: 

Cancel claims 13-19 without prejudice. 

In claim 1 , page 4, last line, after salt, delete — or solvate — . 

In claim 8, page 1 1 , line 1 , after salts, delete — and solvates — . 

In claim 9, page 1 1 , line 2, after salt, delete — or solvate — and furthermore, on 

page 13, last line, after salt, delete — or solvate — . 

In claim 10, page 13, line 2, after salt, delete — or solvate — . 

In claim 1 1 , page 1 3, lines 2-3, after salt, delete — or solvate — and furthermore, in 

line 5, after salt, delete — or solvate — . 

In the specification, insert the enclosed abstract as the last page which is copied from 
the corresponding WO application. 

REASONS FOR ALLOWANCE 

4. The following is an examiner's statement of reasons for allowance: 
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Claims 1-11 are allowed since the instant compounds of formula (I) and pharmaceutical 
composition containing these compounds are neither disclosed nor obvious over the 
prior art. In the art, Hossain ( WO 2004/005295, cited on applicant's form 1449 ) 
discloses novel tricyclic spiropiperidines or spiropyrrolidines of formula (I) which are 
closely related to the instant compounds ( see page 2, lines 1-24 ). However, the 
compounds of Hussain differ from the instant compounds by having different value of 
variable R3 on the phenyl ring. 

Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 

5. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Charanjit S. Aulakh whose telephone number is 
(571)272-0678. The examiner can normally be reached on Monday through Friday, 
8:30 A.M. to 5:00 P.M.. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor. Janet Andres can be reached on (571)272-0867. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Charanjit S. Aulakh/ 

Primary Examiner, Art Unit 1625 
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Appncant(s) 

BAXTER ET AL. 


Examiner 

Charanjit S. Aulakh 


Art Unit 

1625 





All participants (applicant, applicant's representative, PTO personnel): 

(1 ) Charanjit S. Aulakh . (3) 



(2) John kendall . (4) . 

Date of Interview: 20 March 2008 . 

Type: a)M Telephonic b)^ Video Conference 

c)n Personal [copy given to: applicant 2)0 applicant's representative] 

Exhibit shown or demonstration conducted: d)n Yes e)^ No. 
If Yes, brief description: . 

Claim(s) discussed: 1.8-11 and 13-19 . 

Identification of prior art discussed: . 

Agreement with respect to the claims f)^ was reached. g)n was not reached. h)n N/A. 



Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: An agreement was reached to cancel claims 13-19 and furthenvore. to amend 
claims 1 and 8-11 bv an examiner's amendment . 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
allowable is available, a summary thereof must be attached.) 

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE 
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS 
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS 
INTERVIEW DATE. OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER. TO 
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview 
requirements on reverse side or on attached sheet. 



/Charanjit S. Aulakh/ 

Primary Examiner, Art Unit 1625 

Examiner Note: You must sign this form unless it is an Examiner's signature, if required 

Attachment to a signed Office action. 

u s Patent and Trademark Office 

PTOL-41 3 (Rev. 04-03) Interview Summary Paper No. 20080320 
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\_ . ; Abstrocl: The invention provides compounds of fonnula (I) wherein jn, K\ n, q. X, Y, Z, I. R*. R\ R*. R^ and R» are as 
defined in Ihe specification, processes for cheir preparation, pharmaceullca) compositions containing rhem and their use in thenpy. 
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AB N-substituted azacycle derivs. I [m, q, r, t, u ^ 0 or 1; p =^ 0, 1, 2, or 
3/ A = CH2, CH2CH2, NCH2CH2, OCH2CH2, etc.; B - 0, S, CH20, etc.; D = CH2; 
X = halo, OH, {halojaikyl, hydroxyalkyl , alkoxy, etc.; Y = H, halo, 
(halo)alkyl, etc.; XCCY = 1 , 3-dioxolane; R, Rl, R2, R3, R4, R5 = H, halo, 
(halo)alkyl, OH, hydroxyalkyl, etc.; R6, R7, R8, R9, RIO, Rll = H, halo, 
OH, (hydroxy) alkyl, alkoxy, etc.] are prepared as insecticides. 

IT 850227-27-9P 850227-28-OP 850227-29-lP 

RL: AGR (Agricultural use); SPN (Synthetic preparation); BIOL (Biological 
study); PREP (Preparation); USES (Uses) 
(preparation as insecticide) 

RN 850227-27-9 CAPLUS 

ON 1 - Piper idineethanol, 4- [bis [4- (trifluoromethoxy) phenyl] methyl] -a- [ (4- 
chlorophenoxy) methyl] -4-hydroxy- (CA INDEX NAME) 




RN 850227-28-0 CAPLUS 

CN 1-Piperidineethanol, 4- [bis [4- (trifluoromethoxy) phenyl ] methyl ] -a- [ (3- 
chlorophenoxy) methyl] -4-hydroxy- (CA INDEX NAME) 
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CN 1 - Pipe ridi nee thano 1 , 4- [bis [ 4- { trif luoromethoxy ) phenyl ] methyl ] -a- [ (2- 
chlorophenoxy ) methyl ] -4-hydroxy- (CA INDEX NAME) 
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OTHER SOURCE(S): MARPAT 134:42151 



GI 




AB Bispidines, such as I [Rl ^ alkyl, arylalkyl, etc.; R2 , R3 = H, OH, alkyl, 
etc.; R2R3 = 0; R4 , R5a, R5b - H, alkyl; R6 - OH, CN, N02 , NH2, halogen, 
etc.; X = 0, S; A, B =^ bond, linking group, such as alkylene, etc.; D ^ H, 
OH, alkyl, aminoalkyl, etc.], were prepared for pharmaceutical use in the 
treatment of cardiac arrhythmias, in particular atrial and ventricular 
arrhythmias. Thus, bispidine II was prepared in multistep synthetic 
sequence starting from Et 4-oxo-l-piperidinecarboxylate, epichlorohydrin, 
and 4 -cyanophenol . The prepared bispidines were tested for primary 
elect rophysiol - effects ia anesthetized guinea pigs. 

IT 313269-44-2P 

RL: BAG {Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); SPN (Synthetic preparation); THU (Therapeutic use); 
BIOL (Biological study); PREP (Preparation); USES (Uses) 

(preparation of new bispidines useful in the treatment of cardiac 

arrhythmias ) 



10/579,545 



RN 313269-44-2 CAPLUS 

CN 3, 7-Diazabicyclo [3.3.1] nonane- 3-carboxylic acid, 7-[{2S)-3-{4- 

cyanophenoxy) -2-hydroxypropyl] -9-hydroxy-9-methyl-, 1, 1-dimethylethyl 
ester {9CI) {CA INDEX NAME) 

Absolute stereochemistry. 
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1999:404964 CAPLUS 
131 :58860 

Preparation of 3, 7-diazabicyclo [3 . 3 . 1] nonane-3- 
carboxylates as antiarrhythmic agents 

Strandlund, Gert; Alstermark, Christer; Bjore, Annika; 

Bjorsne, Magnus; Frantsi, Marianne; Halvarsson, 

Torbjorn; Hoffmann, Kurt-Jurgen; Lindstedt, Eva-Lotte; 

Polla, Magnus 

Astra Aktiebolag, Swed. 

PCT Int. Appl. , 129 pp. 
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GR, 


IE, 
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AB Title compds. [I; R1,R2 - H or alkyl; R1R2 = OCH2CH20, {CH2)4-5; R3 = 

CCRIORIIAR; A - bond, alkylene, (CH2)nZ, CONR20, etc.; B = bond, alkylene, 

NR23{CH2)r, 0(CH2)r; R = (un) substituted Ph; R4 - C0XR9; R9 = alkyl, 

(un) substituted phenyl(alkyl) , -naphthyl; RIO = H or OH; R11,R20,R23 = H 

or alkyl; X = 0 or S; Z = NR20, SOO-2, 0; n,r - 0-4] were prepared Thus, 

4-{NC)C6H40H was condensed with epichlorohydrin and the product aminated 

by I (Rl = R2 - H, R4 = C02CMe3) (II; R3 = H) (preparation given) to give II [R3 

- CH2CH (0H)CH20C6H4 (CN) -4] . Data for biol. activity of I were given. 

IT 227940-56-9P 

RL: BAG (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); SPN (Synthetic preparation); THU (Therapeutic use); 
BIOL (Biological study); PREP (Preparation); USES (Uses) 

(preparation of 3, 7-diazabicyclo [ 3 . 3 . 1 ] nonane-3-carboxylates as 
antiarrhythmic agents) 
RN 227940-56-9 CAPLUS 

CN 3, 7-Diazabicyclo [3 . 3 . 1] nonane-3-carboxylic acid, 7- [3- ( 4-cyanophenoxy ) -2- 
hydroxypropyl] -9, 9-dimethyl-, 1, 1-dimethylethyl ester (CA INDEX NAME) 
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1999:221773 CAPLUS 
130:281992 

Preparation of 4-hyciroxypiperidines as 

NMDA (N-methyl-D-aspartate) -receptor subtype selective 

blockers 

Alanine, Alexander; Buttelmann, Bernd; Neidhart, 

Marie-paule Heitz; Pinard, Emmanuel; Wyler, Rene 

Hoffmann-La Roche Inc., USA 

U.S., 20 pp. 

CODEN: USXXAM 

Patent 
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r7 




r4 I 



AB The title compds. [I; X = 0, NH, CH2 , etc.; R1-R4 = H, halo, OH, etc.; R5, 
R6 = H, alkyl, OH, etc.; R7~R10 - H, alkyl, halo, etc.; n = 0-1] and their 
pharmaceutically acceptable acid addition salts, useful as 
NMDA (N-methyl-D-aspartate) -receptor subtype selective blockers, were 

prepared and formulated. Thus, hydrogenation of (RS) -1- [3- { 4- 
benzyloxyphenoxy ) -2-hydroxypropyl ] -4- { 4-inethylbenzyl) piper idin-4-ol in the 
presence of Pd/C in EtOH afforded 58% I [X = 0; Rl, R2, R4 = H; R3 - OH; 
R5 - H; R6 - OH; n = 1; R7, R8, RIO = H; R9 = Me] which showed IC50 of 
0.015 MM in 3H-R0 25-6981 binding expts. 
IT 222421-37-6P 

RL: BAG (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); RCT (Reactant) ; SPN (Synthetic preparation); THU 
(Therapeutic use); BIOL (Biological study); PREP (Preparation); RACT 
(Reactant or reagent); USES (Uses) 

(preparation of 4-hydroxypiperidines as NMDA (N-methyl-D-aspartate ) -receptor 
subtype selective blockers) 
RN 222421-37-6 CAPLUS 

CN 1-Piperidineethanol, 4-hydroxy-a- [ (4-nitrophenoxy)methyl] -4- 
(phenylmethyl) monohydrochloride (9CI) (CA INDEX NAME) 




• HCl 



IT 222421-29-6P 222421-31-OP 222421-33-2P 
222421-34-3P 222421-36-5P 222421-39-8P 
222421-51-4P 222421-53-6P 

RL: BAG (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); SPN (Synthetic preparation); THU (Therapeutic use); 
BIOL (Biological study); PREP (Preparation); USES (Uses) 

(preparation of 4-hydroxypiperidines as NMDA (N-methyl-D-aspartate) -receptor 
subtype selective blockers) 
RN 222421-29-6 GAPLUS 

CN 1-Piperidineethanol, 4-hydroxy-a- [ ( 4-hydroxyphenoxy) methyl ] -4- [ (4- 
methylphenyl) methyl] -, hydrochloride (9CI) (CA INDEX NAME) 
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OH 



• HCl 

RN 222421-31-0 CAPLUS 

CN 1 -Piper idi nee thanol , 4 -hydroxy-a- [ ( 4 -hydroxyphenoxy ) methyl] -4 
{phenylmethyl) hydrochloride {9CI) (CA INDEX NAME) 




• HCl 

RN 222421-33-2 CAFLUS 

CN 1- Piper idineethanol , 4- [ ( 4-f luorophenyl ) methyl ] -4 -hydroxy-a- [ 
hydroxyphenoxy) methyl] hydrochloride (9CI) (CA INDEX NAME) 




OH 



• HCl 

RN 222421-34-3 CAPLUS 

CN 1-Piperidineethanol, 4-hydroxy-a- [ ( 4-hydroxyphenoxy) methyl] -4 
(phenylmethyl) hydrochloride, (aR) - (9CI) {CA INDEX NAME) 



Absolute stereochemistry. Rotation (+) 



10/579,545 




• HCl 

RN 222421-36-5 CAPLUS 

CN 1-Piperidineethanol, 4--hyclroxy-a- [ ( 4-hydroxyphenoxy) methyl] -4- 
(phenylmethyl) hydrochloride, (aS)- {9CI) {CA INDEX NAME) 

Absolute stereochemistry. Rotation (-) . 




• HCl 



RN 222421-39-8 CAPLUS 

CN Methanesulfonamide, N- [4- [2-hydroxy-3- [4-hydroxy-4- (phenylmethyl) -1- 
piperidinyl]propoxy]phenyl] monohydrochloride {9CI) {CA INDEX NAME) 




• HCl 



RN 222421-51-4 CAPLUS 

CN 1- Piper idineet hand, 4 -hydroxy- 4- (phenylmethyl) -(x- [ [4-{lH- 1,2,4- 

triazol-l-yl) phenoxyjmethyl] monohydrochloride (9CI) (CA INDEX NAME) 
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• HCl 

RN 222421-53-6 CAPLUS 

CN l-Piperidineethanol , 4 -hydroxy-a- [ [ 4 - ( IH- imidazol-1- 

yl ) phenoxy] methyl] -4- (phenylmethyl) monohydrochloride { 9CI ) (CA INDEX 
NAME) 



PAGE 1-A 




PAGE 2 -A 

\ 

CH2- Ph 



• HCl 

IT 222422-61-9 

RL: RCT (Reactant) ; RACT (Reactant or reagent) 

(preparation of 4-hydroxypiperidines as NMDA (N-methyl-D-aspartate) -recepto 
subtype selective blockers) 
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RN 222422-61-9 CAPLUS 

CN 1-Piperidineethanol, 4-hydroxy-a- [ [4- (phenylmethoxy) phenoxy] methyl ] - 
4-{phenylmethyl)- {CA INDEX NAME) 




IT 222422-07-3P 222422-09-5P 222422-11-9P 
222422-12-OP 222422-13-lP 222422-47-lP 
222422-48-2P 

RL: RCT (Reactant) ; SPN { Synthetic preparation) ; PREP (Preparation); RACT 
{Reactant or reagent) 

(preparation of 4-hydroxypiperidines as NMDA (N-methyl-D-aspartate ) -receptor 
subtype selective blockers) 
RN 222422-07-3 CAPLUS 

CN 1 -Piper idineethanol, 4-hydroxy-4- [ ( 4-methylphenyl ) methyl ] -a- [ [4- 
(phenylmethoxy ) phenoxy ] methyl ] - (CA INDEX NAME) 




RN 222422-09-5 CAPLUS 

CN 1- Piper idineethanol, 4- [ ( 4 -fluorophenyl ) methyl ] -4-hydroxy-a- [ [4- 
{phenylmethoxy ) phenoxy ] methyl ] - (CA INDEX NAME) 




RN 222422-11-9 CAPLUS 

CN l-Piperidineethanol, 4-hydroxy-a- [ [4- (phenylmethoxy) phenoxy] methyl ] - 
4- (phenylmethyl) (aR)- (CA INDEX NAME) 

Absolute stereochemistry. 



10/579,545 




RN 222422-12-0 CAPLUS 

CN 1-Piperidineethanol, 4-hydroxy-a- [ [ 4- (phenylmethoxy ) phenoxy] methyl ] - 
4- (phenylmethyl) (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 




RN 222422-13-1 CAPLUS 

CN 1-Piperidineethanol, a- [ ( 4-aminophenoxy) methyl ] -4-hydroxy-4- 
(phenylmethyl) monohydrochloride (9CI) (CA INDEX NAME) 




• HCl 



RN 222422-47-1 CAPLUS 

CN 1-Piperidineethanol , a- [ { 3-f luoro-4-hydroxyphenoxy ) methyl ] -4-hydroxy- 
4-[ (4-methylphenyl)methyl]-, hydrochloride (9CI) (CA INDEX NAME) 



10/579,545 




• HCl 



RN 222422-48-2 CAPLUS 

CN 1-Piperidineethanol, a- [ ( 3-f luoro-4-hydroxyphenoxy ) methyl] -4-hydroxy- 
4- [ {4-methylphenyl) methyl]- (CA INDEX NAME) 
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N-Aryl-a-aminocarboxamides 

Van Daele, Georges Henri Paul; De Bruyn, 

Leopold; Verdonck, Marc Gustaaf Celine 

Janssen Pharmaceutica N. V., Belg. 

Eur. Pat. Appl., 95 pp. 

CODEN: EPXXDW 

Patent 

English 
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Marcel Frans 



PATENT NO. KIND DATE APPLICATION NO. DATE 



EP 121972 A2 19841017 EP 1984-200372 19840314 

EP 121972 A3 19870624 

EP 121972 Bl 19890524 
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IL 71475 A 19871231 IL 1984-71475 19840409 

FI 8401405 A 19841012 FI 1984-1405 19840410 

NO 8401422 A 19841012 NO 1984-1422 19840410 
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19870604 
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US 
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-581948 
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Me 




AB Antiarrhythmic title compds. I [X, XI = (un) substituted {CH2)n; n = 1-3; x 
-f- xl = 3 or 4 CH2 groups; R = H, (un) substituted alkenyl, N-containing 
heterocycle, cycloalkyl, acyl, etc; Rl, R3, R4 = H, alkyl, acyl; R1R3 = 
CH2; NR3R4 - piperidino, pyrrolidino, morpholino; R2 - aryl] (>250 
compds.) were prepared Thus piperidinecarboxylate II (R5 = C02CH2Ph, R6 
H) was methylated to II {R5 = C02CH2Ph, R6 - Me), which was treated with H 
to give II (R5 = H, R6 = Me) . II (R5 = H, R6 = Me) reacted with 
cyclohexene oxide to give trans- (hydroxycyclohexyl ) piperidinecarboxamide 
III. Ill had a lowest ED of 0.04 mg/kg i.v. in dogs against multifocal 
ventricular arrhythmia, induced by ligation of the coronary artery. This 
effect lasted 240 min. 

IT 95608-26-7P 

RL: BAG {Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; SPN {Synthetic preparation) ; BIOL (Biological 
study); PREP (Preparation) 

(preparation and antiarrhythmic activity of) 
RN 95608-26-7 CAPLUS 

CN 4-Piperidinecarboxamide , 1- [3- ( 4-chlorophenoxy ) -2-hydroxypropyl ] -4- 
(dimethylamino)-N-{2,6-dimethylphenyl)- (CA INDEX NAME) 
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PAGE 1-A 

CI 




0 



CH2 
CH- OH 
CH2 

6 

C=0 



PAGE 2 -A 




IT 95608-19-8P 

RL: SPN {Synthetic preparation); PREP (Preparation) 

(preparation of) 
RN 95608-19-8 CAPLUS 

CN 4-Piperidinecarboxamide , 1- [3- { 4-chlorophenoxy ) -2-hydroxypropyl ] -4- 

{dimethylamino) -N-phenyl-, ethanedioate (1:1) (salt) (9CI) (CA INDEX 
NAME) 



CM 1 



CRN 95608-18-7 

CMF C23 H30 CI N3 03 
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CM 2 

CRN 144-62-7 
CMF C2 H2 04 



0 0 
HO- C- C- OH 
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DOCUMENT TYPE: 


Patent 










LANGUAGE : 


Dutch 
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JP 


1977-3285 


A 19770114 








US 


1978-866957 


A3 19780105 



Me Me 



BuAcN 




AB Compds. containing 2 or 3 substituted or unsubstituted 2,2,6,6- 

tetramethylpiperidinyl groups attached to a central radical by groups 
containing ether moieties and preferably OH groups are useful as polymer 
stabilizers and have improved evaporation, extraction, and heat resistance. 

Thus, a 

mixture of 5.1 g 4- (N-butylacetamido ) -2 , 2 , 6 , 6-tetramethylpiper idine 
[67778-07-8] and 3.5 g 2, 2-bis [4 - (2 , 3-epoxypropoxy) cyclohexyl ] propane 
[13410-58-7] was heated 5 h at 200-10°, giving 2 , 2-bis [ 4- [ 3- [ 4- {N- 
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butylacetamido) -2,2,6, 6-tetramethylpiperidino] -2- 

hydroxypropoxy] cyclohexyl ] propane (I) [67812-46-8]. A mixture of 
polypropylene [9003-07-0] 100, stearyl 2- { 4-hydroxy-3 , 5-di-tert- 
butylphenyl ) propionate 0.2, and I 0.25 part was processed into a 0.1 mm 
sheet by standard methods and exposed to light in an accelerated testing 

apparatus 

This composition had time to 50% loss of elongation 6.6 times that of a control 
without I, compared to 2.0 times for a com. stabilizer, Tinuvin 327. 

IT 67777-89-3 

RL: USES (Uses) 

(light stabilizers, for plastics) 

RN 67777-89-3 CAPLUS 

CN 1-Piperidineethanol, a, a ' - [ ( 1-methylethylidene ) bis ( 4 , 1- 

phenyleneoxymethylene) ] bis [4 , 4-dimethoxy-2 , 2 , 6, 6-tetramethyl- ( 901) (OA 
INDEX NAME) 
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AB 2, 2-Bis [4- [2-hydroxy~3- (2,2,6, 6-tetramethylpiperidino) propoxy] phenyl] propa 

ne (I, R - H) [67777-70-2], I {R = OH) [67778-13-6], I [R - 
3- {3, 5-di-tert-butyl-4-hydroxyphenyi ) propionyloxy ] [6777 8-14-7] , 
tris [ 2 -hydroxy- 3- (2,2,6, 6-tetramethylpiperidino) propyl] isocyanurate 
[67901-20-6] , bis [2-hydroxy-3- (4-hydroxy-2, 2, 6, 6- 

tetramethylpiperidino) propyl] 1, 2-cyclohexanedicarboxylate [67777-81-5] , 
bis [3- {4-benzoyloxy-2, 2 , 6, 6-tetramethylpiperidino) -2-hydroxypropyl ] 
sebacate [67777-79-1] , 1, 3-bis [3- (4-benzoyloxy-2, 2, 6, 6- 

tetramethylpiperidino ) -2-hydroxypropoxy ] -2-hydroxypropane [67777-84-8], 
2, 2-bis [4- [2-hydroxy-3- (7,7,9, 9-tetramethyl- 1 , 4 -dioxa-8-azaspiro [ 4 . 5 ] dec-8- 
yl ) propoxy] cyclohexyl ] propane (II) [67777-93-9], 2 , 2~bis [ 4 - [ 2 -hydroxy-3- 
(7,7,9, 9-tetramethyl-3-octyl-2 ,4-dioxo-l,3,8-triazaspiro[4.5]dec-8- 
yl ) propoxy ] cyclohexyl ] propane [6777 8-00-1], and 38 similar compds . are 
prepared for use as stabilizers for plastics. The stabilizers are resistant 
to volatilization and extraction from plastics. Thus, 2,2,6,6- 
tetramethylpiperidine [768-66-1] and 2, 2-bis [4- (2, 3- 

epoxypropoxy) phenyl] propane ;i675-54-3] were used to prepare I (R H) . 

The addition of 0.25% I (R = H) and 0.2% phenolic antioxidant to 

polypropylene [9003-07-0] increased the UV light resistance by a factor 

of 4.7. 
IT 67777-89-3 

RL: USES (Uses) 

(stabilizers, for plastics/ 
RN 67777-89-3 CAPLUS 

CN 1-Piperidineethanol , a, a ' - [ ( 1-methylethylidene ) bis ( 4 , 1- 

phenyleneoxymethylene ) ] bis [4, 4 -dimethoxy-2 , 2, 6, 6- tetramethyl- ( 9CI ) (CA 
INDEX NAME) 
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AB The invention provides tricyclic spiropiper idines or spiropyrrolidines 
{shown as I; variables defined below; e.g. II), processes for their 
preparation, pharmaceutical compns . containing them and their use in therapy 

for 

disorders affected by modulation of chemokine receptors (no data) . For I: 
m is 0-4; each Rl = halogen, cyano, hydroxy, C1-C6 alkyl, C1-C6 haloalkyl, 
C1-C6 alkoxy or sulfonamido; either X = a bond, -CH2-, -0- or -C{0)- and Y 
= a bond, -CH2-, -0- or -C(0)-, or X and Y together = -CHiCMe- or 
-CMerCH-, and Z = a bond, -0-, -NH- or -CH2-, provided that only one of X, 
Y and Z can be a bond at any one time and provided that X and Y do not 
both simultaneously = -O- or -C{0)-. N =^ 0-2; each R2 halogen or C1-C6 
alkyl; q = 0-1; R3 = -NHC(0)RlO, -C(0)NR11R12 or -C00R12a; R4, R5, R6, R7 
and R8 = H or a C1-C6 alkyl group; t = 0-2; each R9 = halogen, cyano, 
hydroxy, carboxy, C1-C6 alkoxy, C1-C6 alkoxycarbonyl , C1-C6 haloalkyl, or 
C1-C6 alkyl; addnl . details are given in the claims. Methods of preparation 
are claimed and >200 example prepns. are included. For example, II was 
prepared in 2 steps starting from N- ( 2-hydroxyphenyl ) acetamide , 
( (2S) -oxiran-2-yl)methyl and Cs2C03 in DMF to give N- [ 2- [ ( ( 2S ) -oxiran-2- 
yl ) methoxy] phenyl ] acetamide as an intermediate, which was reacted with 
5-chloro-3H-spiro [ l-benzofuran-2 , 4 ' -piperidine] in EtOH to give II. 
IT 644969-17-5P 644969-18-6P 644969-79-9P 
644969-81-3P 644969-83-5P 644969-85-7P 
644969-87-9P 

RL: PAC {Pharmacological activity); SPN (Synthetic preparation); THU 
(Therapeutic use); BIOL (Biological study); PREP (Preparation); USES 
(Uses) 

{drug candidate; preparation of tricyclic spiropiperidines or 
spiropyrrolidines useful against disorders affected by modulation of 
chemokine receptors) 
RN 644969-17-5 CAPLUS 

CN Acetamide, N- [ 4-hydroxy-2- [ ( 2S ) -2-hydroxy-3-spiro [2H-l-benzopyran-3 ( 4H) , 4 
piperidin]-l'-ylpropoxy] phenyl]- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 
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OH 




RN 644969-18-6 CAPLUS 

CN Acetamide, N- [4-hydroxy~2~ [ ( 2S) -2-hydroxy-3-spiro [2H-l-benzopyran-3 ( 4H) , 4 ' - 
piper idin] -1 ' -ylpropoxy] phenyl] - , mono { trif luoroacetate) (salt) ( 9CI) (CA 
INDEX NAME) 

CM 1 

CRN 644969-17-5 
CMF C24 H30 N2 05 

Absolute stereochemistry. 



OH 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- C02H 
F 

RN 644969-79-9 CAPLUS 

CN Acetamide, N- [2- [ (2S) -3- { 6-chloro-3, 4-dihydrospiro [2H-l-ben2opyran-2 , 4 • - 
piper idin] -1 ' -yl) -2 -hydroxypropoxy] phenyl] mono { trif luoroacetate) (salt) 
(9CI) (CA INDEX NAME) 
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CM 1 

CRN 644969-78-8 

CMF C24 H29 CI N2 04 

Absolute stereochemistry. 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F-C-CO2H 
F 

RN 644969-81-3 CAPLUS 

CN Acetamide, N- [2- [ (2S) -3- ( 6-chloro-3, 4-dihydrospiro [2H-l-ben2opyran-2, 4 * - 
piperidin] -1 ' -yl) -2-hydroxypropoxy ] -4-f luorophenyl ] 
mono (trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644969-80-2 

CMF C24 H28 CI F N2 04 

Absolute stereochemistry. 
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CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F-C-CO2H 
F 



RN 644969-83-5 CAPLUS 

CN Ben z amide, 2- [ (2S) -3- ( 6-chloro-3, 4-clihydrospiro [2H-l-benzopyran-2 , 4 * - 
piperidin] -1 ' -yl) -2-hydroxypropoxy ] -N-methyl-, mono ( trif luoroacetate ) 
(salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644969-82-4 

CMF C24 H29 CI N2 04 

Absolute stereochemistry. 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 
I 

F- C- CO2H 
F 

RN 644969-85-7 CAPLUS 

CN Acetamide, N- [2- [ ( 2S ) -3- { 6-chloro-3 , 4 -dihydrospiro [ 2H- l-benzopyran-2 , 4 ' - 
piperidin] -1 ' -yl ) -2-hydroxypropoxy ] -4-hydroxyphenyl ] 
mono {trif luoroacetate) {salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644969-84-6 

CMF C24 H29 CI N2 05 
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Absolute stereochemistry. 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F-C~ C02H 
F 

RN 644969-87-9 CAPLUS 

CN Acetamide, N- [2- [ {2S) -3- ( 6"Chloro-3 , 4-clihydrospiro [2H-l-benzopyran-2 , 4 ' 
piperidin] -1 ' -yl} -2-hydroxy-2-inethylpropoxy] -4-hydroxyphenyl ] 
mono(trifluoroacetate) (salt) {9CI) (CA INDEX NAME) 

CM 1 

CRN 644969-86-8 

CMF C25 H31 Cl N2 05 

Absolute stereochemistry. 



OH 




CM 2 
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CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- C02H 
F 
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I 



AB The synthesis of a new series of spiropiper idines is reported. Some of 
these compds . showed interesting adrenergic activity. The biol. 
activities of the new compds. were evaluated on guinea pig atria 
(Pl) , guinea-pig trachea (P2) , and rat vas deferens (a). 
Three of the compds., e.g. I [R = CH2CH (OH) CH20C6H4NHCOMe-4 ] , showed 
activity comparable to propranolol, in spite of being tertiary amines. 

IT 185316-94-3P 

RL : BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); SPN ( Synthetic preparation) ; BIOL (Biological 
study); PREP (Preparation) 

(preparation and adrenergic activity of spiro [ 1 , 3-benzodioxolopiperidines] 
and spiro [1, 3-benzodioxanepiperidines ] ) 
RN 185316-94-3 CAPLUS 

CN Ace t amide, N- [4- ( 2-hydroxy-3-spiro [4H-1, 3-benzodioxin-2 , 4 ' -piperidin] -1 •- 
ylpropoxy ) phenyl ] - (9CI) (CA INDEX NAME) 
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AB Title compds. [I; Rl = halo; R3 - H, OH; RIO - H, alkyl; R4 - CONR8R9, 
NHCORll, NHCONR8R9; R8, R9 = H, alkyl, cycloalkyi; NR8R9 = 4-7 membered 
(hydroxy-substituted) heterocyclyl ; Rll = (substituted) alkyl, alkenyl, 
cycloalkyi, adamantyl, cycloalkenyl, Ph, heterocyclyl; R5 = H, halo; R6, 

R7 ^ H, alkyl; CR6R7 = atoms to form 3-7 membered cycloalkyi], were prepared 
Thus, title compound 2- [2-chloro-5- [ [ ( 28 ) -3- [ 5-chloro-3H-spiro [ 1-benzof uran- 
2, 4 '-piperidin] -I'-yl] -2-hydroxypropyl ] oxy ] -4- 

[ (methylamino) carbonyl ] phenoxy] -2-methylpropanoic acid was prepared in 10 
steps from l-Boc-4-piperidinone, trimethylsulf oxonium iodide. 
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2- bromo-4-chloroanisole, Me 2-hyciroxy-4 -methoxybenzoate, methylamine , 

3- nitrobenzenesulfonic acid (S) -1-oxiranylmethyl ester, and Et 
2-bromoisobutyrate . In human CCRl receptor binding assays, I showed 
affinity at <20 mM. 

IT 1003567-03-OP 

RL: PAC (Pharmacological activity); PRP (Properties); SPN (Synthetic 
preparation); THU (Therapeutic use); BIOL (Biological study); PREP 
(Preparation); USES (Uses) 

(claimed compound; preparation of spirobenzofuranpiperidines as modulators 

of 

chemokine CCRl receptor activity) 

RN 1003567-03-0 CAPLUS 

CN Propanoic acid, 2- [2-chloro-5- [ (28) -3- (5-chlorospiro [benzofuran-2 (3H) , 4 ' - 
piperidin] -1 ' -yl ) -2 -hydroxypropoxy ] -4- [ ( dime thy lamino ) carbonyl ] phenoxy] -2- 
methyl-, hydrochloride (1:1) (CA INDEX NAME) 

Absolute stereochemistry. 



Me Me 




CI 



• HCl 



IT 1003566-89-9P 1003566-90-2P 1003566-91-3P 
1003566-92-4P 1003566-93-5P 1003566-95-7P 

1003566-96-8P 1003566-97-9P 1003566-98-OP 

1003566- 99-lP 1 0035 67-00-7 P 1003567-01-8P 

1003567- 02-9P 1 0035 67-04 -1 P 1003567-05-2P 
1003567-06-3P 1003567-07-4 P 

RL: PAC (Pharmacological activity); SPN (Synthetic preparation); THU 
(Therapeutic use); BIOL (Biological study); PREP (Preparation); USES 
(Uses) 

(claimed compound; preparation of spirobenzofuranpiperidines as modulators 

of 

chemokine CCRl receptor activity) 

RN 1003566-89-9 CAPLUS 

CN Acetic acid, 2 - [ 4- ( acetylamino ) -2 -chloro-5- [ ( 2S ) -3- ( 5- 
chlorospiro [benzofuran-2 (3H) , 4 ' -piperidin] -1 ' -yl) -2- 
hydroxypropoxy] phenoxy] - (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




NHAc 



RN 1003566-90-2 CAPLUS 

CN Acetic acid, 2- [4- (acetylamino) -3- [ (25) -3- { 5-chlorospiro [benzofuran- 
2{3H) ,4*-piperidin]-l'-yl)-2-hydroxypropoxy]phenoxy]- (CA INDEX NAME) 

Absolute stereochemistry. 




C02H 



NHAc 



RN 1003566-91-3 CAPLUS 

CN Acetic acid, 2 - [ 4- ( acet ylamino ) -2 -chloro-5- [ ( 2S ) -3- ( 5- 
fluorospiro [benzof uran-2 (3H) , 4 '-piperidin] -I'-yl) -2- 
hydroxypropoxy]phenoxy] - (CA INDEX NAME) 



Absolute stereochemistry. 




RN 1003566-92-4 CAPLUS 
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CN Acetic acid, 2- [ 2-chloro-5- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 ' - 
piperidin] -1 ' -yl) -2-hydroxypropoxy ] -4- [ (methyl ami no) carbonyl] phenoxy ] - 
(CA INDEX NAME) 

Absolute steceochemistry . 




CI 



RN 1003566-93-5 CAPLUS 

CN Propanoic acid, 2- [ 2-chloro-5- [( 2S ) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ (methylamino) carbonyl] phenoxy] -2- 
methyl- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 1003566-95-7 CAPLUS 

CN Acetic acid, 2- [2-chloro-5- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ (dimethylamino) carbonyl] phenoxy] - 
(CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




CI 



RN 1003566-96-8 CAPLUS 

CN Propanoic acid, 2- [2-chloro-5- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 
piperidin] -1 ' -yl ) -2-hydroxypropoxy] -4- [ (dime thy lamino) carbonyl] phenoxy] 

methyl- (CA INDEX NAME) 

Absolute stereochemistry. 



Me Me 




CI 



RN 1003566-97-9 CAPLUS 

CN Acetic acid, 2- [ 2-chloro-5- [ {2S) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 ' - 
piperidin] -1 ' -yl) -2-hydroxypropoxy] ~4- [ [ ( 3S) -3-hydroxy- l- 
pyrrolidinyl ] carbonyl ] phenoxy] - (CA INDEX NAME) 



Absolute stereochemistry. 
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RN 1003566-98-0 CAPLUS 

CN Propanoic acid, 2- [2-chloro-5- [ (2R) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ (methyl ami no) carbonyl ] phenoxy] -2 
methyl- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 1003566-99-1 CAPLUS 

CN Propanoic acid, 2- [2-chloro-5- [ 3- { 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' - 

piperidin] -1 ' -yl ) -2-hydroxypropoxy ] -4- [ ( dime thy lamino ) carbonyl] phenoxy] 
methyl- (CA INDEX NAME) 



0 




RN 1003567-00-7 CAPLUS 

CN Propanoic acid, 2- [2-chloro-5- [ (2S) -3- [5-chloro-7- (1, 1- 

dimethyl ethyl ) spiro [benzof uran-2 ( 3H} , 4 * -piperidin] -1 ' -yl ] -2- 
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hydroxypropoxy] -4- [ (methylamino) carbonyl ] phenoxy] -2-methyl- {CA INDEX 
NAME) 

Absolute stereochemistry. 





RN 1003567-01-8 CAPLUS 

CN Acetic acid, 2- [4- (acetylamino) -2-chloro-5- [ (2S ) -3- ( 5- 
f luorospiro [benzofuran-2 {3H) , 4 * -piperidin] -1 ' -yl) -2- 
hydroxypropoxy] phenoxy] hydrochloride (1:1) (CA INDEX NAME) 

Absolute stereochemistry. 




F' 



• HCl 



RN 1003567-02-9 CAPLUS 

CN Propanoic acid, 2- [2-chloro-5- [ (25) -3- ( 5-chlorospiro [benzofuran-2 ( 3H) , 4 
piperidin] -1 ' -yl) -2 -hydroxypropoxy] -4- [ (methylamino) carbonyl ] phenoxy ] -2 
methyl-, sodium salt (1:1) {CA INDEX NAME) 

Absolute stereochemistry. 



10/579,545 



Me Me 




OH 

MeNH ^ O 



Na 



RN 1003567-04-1 CAPLUS 

CN Propanoic acid, 2- [2-chloro-5- [ (2S) -3- ( 5-chlorospiro [benzofuran-'2 (3H) , 4 
piperidin] -1 ' -yl ) -2-hydroxypropoxy] -4- [ (dimethylamino) carbonyl] phenoxy] 
methyl-, 2 , 2 , 2-trif luoroacetate (1:1) (CA INDEX NAME) 

CM 1 

CRN 1003566-96-8 

CMF C28 H34 C12 N2 07 

Absolute stereochemistry. 




OH 

Me2N ^ 0 



CM 



CRN 76-05-1 
CMF C2 H F3 02 
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F 

F" C-CO2H 
F 

RN 1003567-05-2 CAPLUS 

CN Propanoic acid, 2- [2-chloro-5- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ (dime thy lamino) carbonyl ] phenoxy ] -2 
methyl-, 4-methylbenzenesulf onate (1:1) (CA INDEX NAME) 

CM 1 

CRN 1003566-96-8 

CMF C28 H34 C12 N2 07 

Absolute stereochemistry. 



Me Me 



CI 




CM 2 

CRN 104-15-4 
CMF C7 H8 03 S 




RN 1003567-06-3 CAPLUS 

CN Propanoic acid, 2- [ 2-chloro-5-- [ 3- ( 5-chlorospiro [benzof uran-2 ( 3H ) , 4 ' - 

piperidin] -1 * -yl ) -2-hydroxypropoxy] -4- [ (dime thy lamino) carbonyl ] phenoxy] -2 
methyl-, 2 , 2 , 2-trif luoroacetate (1:1) (CA INDEX NAME) 

CM 1 

CRN 1003566-99-1 

CMF C28 H34 C12 N2 07 
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0 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F- C- C02H 

I 

F 

RN 1003567-07-4 CAPLUS 

CN Propanoic acid, 2- [ 2-chloro-5- [ ( 2S ) -3- [ 5-chloro-7- ( 1 , 1- 

dimethylethyi) spire [ ben zo fur an- 2 ( 3H) , 4 * -piperidin] -l*-yi]-2- 
hydroxypropoxy] -4- [ (methylamino) carbonyl] phenoxy] -2-methyl-, 
2,2,2-trifluoroacetate (1:1) (CA INDEX NAME) 

CM 1 

CRN 1003567-00-7 

CMF C31 H40 C12 N2 07 

Absolute stereochemistry. 



Me Me 




t-Bu 



OH 

MeNH ^ 0 



CI 



CM 2 
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CRN 7 6 
CMF C2 



05-1 
H F3 02 



F 



F- C- C02H 



F 



IT 1003567-18-7P 10035 67-23-4P 

RL: PAC (Pharmacological activity); SPN (Synthetic preparation); THU 
(Therapeutic use); BIOL (Biological study); PREP (Preparation); USES 
(Uses) 

(preparation of spirobenzofuranpiperidines as modulators of chemokine CCRl 
receptor activity) 
RN 1003567-18-7 CAPLUS 

CN Propanoic acid, 2- [2-chloro-5- [ (2S) -3- (5-chlorospiro [benzofuran-2 (3H) ,4'- 
piperidin] -1 • -yl) -2-hydroxypropoxy] -4- [ (methylamino) carbonyl ] phenoxy] -2- 
methyl-, 2, 2 , 2-trif luoroacetate (1:1) (CA INDEX NAME) 

CM 1 

CRN 1003566-93-5 

CMF C27 H32 C12 N2 07 

Absolute stereochemistry. 



Me Me 



CI 




CI 



CM 



2 



CRN 76-05-1 
CMF C2 H F3 02 



F 



F- C- CO2H 



F 
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RN 1003567-23-4 CAPLUS 

CN Acetic acid, 2- [ 4 - ( acetylamino ) -3- [ ( 2S ) -3- ( 5-chlorospiro [benzof uran- 
2 {3H) , 4 • -piper idin] -1 ' -yl) -2-hydroxypropoxy] phenoxy] 
2,2,2-trifluoroacetatG (1:1) (CA INDEX NAME) 

CM 1 

CRN 1003566-90-2 
CMF C25 H29 CI N2 07 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- C02H 
1 

F 



IT 644968-75-2 644971-03-9 1003567-40-5 
1003567-41-6 

RL: RCT (Reactant); RACT (Reactant or reagent) 

(preparation of spirobenzof uranpiperidines as modulators of chemokine CCRl 
receptor activity) 
RN 644968-75-2 CAPLUS 

CN Ace t amide, N- [2- [ {2S) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 ' -piper idin ] -1 ' - 
yl) -2-hydroxypropoxy] -4 -hydroxyphenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 
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CI 



RN 644971-03-9 CAPLUS 

CN Methanone, [5-chloro-2- [ {2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' - 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxyphenyl] [ (33) -3-hydroxy-l- 
pyrrolidinyl]- {CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 1003567-40-5 CAPLUS 

CN Benzamide, 5-chloro-2- [3- {5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' 
yl) -2-hydroxypropoxy] -4-hydroxy-N,N-dimethyl- {CA INDEX NAME) 



0 




CI 



RN 1003567-41-6 CAPLUS 

CN Benzamide, 5-chloro-2- [ {2S) -3- [5-chloro-7- (1,1- 

dime thy 1 ethyl) spiro [benzof uran-2 ( 3H) , 4 * -piperidin] -1 ' -yl ] -2- 
hydroxypropoxy] -4- [ {4-methoxyphenyl)methoxy] -N-methyl- (CA INDEX NAME) 



10/579,545 



Absolute stereochemistry. 



t-Bu 




OMe 



IT 1003567-11-OP 1003567-13-2P 1003567-17-6P 
1003567-20-lP 1003567-21-2P 1003567-22-3P 
1003567-24-5P 1003567-27-8P 1003567-28-9P 

1003567-29-OP 1 0035 67 -33-6P 1003567-35-8P 
1003567-36-9P 1 0035 67-37-OP 1003567-43-8P 

RL: RCT (Reactant); SPN (Synthetic preparation) ; PREP (Preparation); RACT 
(Reactant or reagent) 

(preparation of spirobenzof uranpiperidines as modulators of chemokine CCRl 
receptor activity) 
RN 1003567-11-0 CAPLUS 

CN Ben z amide, 5-chloro-2-[ (2S) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 

piperidin] -1 ' -yl ) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl ) methoxy ] -N-methyl- 
(CA INDEX NAME) 

Absolute stereochemistry. 




OMe 



RN 1003567-13-2 CAPLUS 

CN Benzamide, 5-chloro-2- [ (2S) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 ' ■ 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxy-N-methyl-, 
2,2,2-trifluoroacetate (1:1) (CA INDEX NAME) 

CM 1 



CRN 1003567-12-1 

CMF C23 H26 C12 N2 05 



Absolute stereochemistry. 
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OH 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

I 

F— C- CO2H 
F 

RN 1003567-17-6 CAPLUS 

CN Propanoic acid, 2- [2-chloro~5- [ ( 2S) -3- ( 5-chlorospiro [benzof uran-2 { 3H) 
pipe rid in] -1 ' -yl ) -2-hydroxypropoxy ] -4- [ ( me thy 1 ami no ) carbonyl] phenoxy] 
methyl-, 1, 1-dimethylethyl ester (CA INDEX NAME) 

Absolute stereochemistry. 

Me Me 




CI ^ 

RN 1003567-20-1 CAPLUS 

CN INDEX NAME NOT YET ASSIGNED 

Absolute stereochemistry. 



10/579,545 



CI 




RN 1003567-21-2 CAPLUS 

CN Acetic acid, 2- [4-amino-2~chloro-5- [ (23) -3~ (5-chlorospiro [benzofuran- 

2 (3H) , 4 ' -piperidin] -1 ' -yl) -2-hyciroxypropoxy] phenoxy] methyl ester (CA 
INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 1003567-22-3 CAPLUS 

CN Acetic acid, 2- [ 4 -( ace tylamino ) -3- [( 2S ) -3- { 5-chlorospiro [benzofuran- 

2 {3H) , 4 • -piperidin] -1 ' -yl) -2-hydroxypropoxy] phenoxy] methyl ester (CA 
INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 1003567-24-5 CAPLUS 
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CN Acetamicie, N- [ 5-chloro-2- [ (23) -3- { 5-f luorospiro [benzof uran-2 (3H) ,4'- 
piperidin] -1 '-yl) -2-hydroxypropoxy] -4-hydroxyphenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 



OH 




CI 



RN 1003567-27-8 CAPLUS 

CN Acetic acid, 2- [2-chloro-5- [ (2S) -3- { 5-chlorospiro [benzof uran-2 (3H) , 4 ' - 
piperidinj -1 ' -yl) -2-hydroxypropoxyj -4- [ (methyiamino) carbonyl] phenoxyj 
methyl ester (CA INDEX NAME) 

Absolute stereochemistry. 




Ci 



RN 1003567-28-9 CAPLUS 

CN Propanoic acid, 2- [ 2-chloro-5- [ {2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 
piperidin] -1 ' -yl) -2-hydroxypropoxy ] -4- [ (methyiamino) carbonyl ] phenoxy] -2 

methyl-, ethyl ester (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 



Me Me 




CI 



RN 1003567-29-0 CAPLUS 

CN Propanoic acid, 2- [2-chloro-5- [ (23) -3- ( 5-chlorospiro [benzof uran-2 { 3H) , 4 

piperidin] -1 ' -yl ) -2-hydroxypropoxy] -4- [ (me thylamino ) carbonyl ] phenoxy] -2 
methyl-, ethyl ester, 2 , 2 , 2-trif luoroacetate (1:1) (CA INDEX NAME) 

CM 1 

CRN 1003567-28-9 

CMF C29 H36 C12 N2 07 

Absolute stereochemistry. 



Me Me 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F- C- CO2H 
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RN 1003567-33-6 CAPLUS 

CN Acetic acid, 2- [2-chloro-5- [ ( 2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) 

piperidin] -1 ' -yl) -2-hydroxypropoxy] --4- [ (dimethylamino) carbonyl ] phenoxy ] 
methyl ester (CA INDEX NAME) 

Absolute stereochemistry. 



CI 




RN 1003567-35-8 CAPLUS 

CN Propanoic acid, 2- [2-chloro-5- [ (2S) -3- { 5-chIorospiro [benzof uran-2 (3H) , 4 
piper idin] -1 ' -yl) -2-hydroxypropoxy] -4- [ (dimethylamino) carbonyl] phenoxy] 
methyl-, ethyl ester, 2, 2, 2-trifluoroacetate (1:1) (CA INDEX NAME) 

CM 1 

CRN 1003567-34-7 

CMF C30 H38 C12 N2 07 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 
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F 

F-C~C02H 
F 



RN 1003567-36-9 CAPLUS 

CN Acetic acid, 2- [2-chloro-5- [ ( 2S) -3- ( 5-chlorospiro [benzof uran-2 { 3H) , 4 ' - 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ [ ( 3S) -3-hydroxy-l- 
pyrrolidinyl]carbonyl]phenoxy] methyl ester (CA INDEX NAME) 

Absolute stereochemistry. 




RN 1003567-37-0 CAPLUS 

CN Propanoic acid, 2- [2-chloro-5- [3- (5-chlorospiro [benzofuran-2 ( 3H) , 4 ' - 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ {dime thy lamino) carbonyl ] phenoxy] -2- 
methyl-, 1, 1-dimethylethyl ester {CA INDEX NAME) 



0 




RN 1003567-43-8 CAPLUS 

CN Benzamide, 5-chloro-2- [ {2S) -3~ [5-chloro-7- ( 1 , 1- 

dimethylethyl) spiro [benzof uran-2 ( 3H) , 4 ' -piperidin] -1 ' -yl] -2- 
hydroxypropoxy] -4-hydroxy-N-methyl-, 2 , 2 , 2-trif luoroacetate (1:1) (CA 

INDEX NAME) 

CM 1 

CRN 1003567-42-7 

CMF C27 H34 C12 N2 05 



Absolute stereochemistry. 



10/579,545 



t-Bu 




MeNH 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F- C- C02H 
F 
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OMe 




AB Title compds. I [m = 0-4; Rl - halo, CN, OH, etc.; X = bond, CH2 and Y - 
bond, CH2 provided that X, Y do not both simultaneously represent bond, 
CH2; n = 0-2; R2 = halo, alkyl, haloalkyl; q - 0-1; p - 0-2; R3 - halo, 
amino, carboxyl, etc.; R4 = H, alkyl, haloalkyl, halo; a ^ 0-2 provided 
that p and a are not both 0; R5 = (un) saturated 5-10-membered ring system] 
prepared For instance, II is prepared in 4 steps from 5-methoxy-2- 
nitrophenol, (S) -oxiran-2-ylmethanol, and 5-chlorospiro [ 3H-benzof uran-2 , 4 * 
piperidine] (preparation given) . I are modulators of chemokine receptor 
activity [no data] and useful for the treatment of, e.g., rheumatoid 
arthritis . 

IT 64 4 968 -7 5-2 P, N- [2- [ [ {2S) -3- { 5-Chlorospiro [ 3H-benzof uran-2 , 4 ' - 

piperidin ] -1 ' -yl ) -2-hydroxypropyl ] oxy] -4-hydroxyphenyl ] ace t amide 
644971-08-4P, Methyl 5-chloro-2- [[ (2S) -3- (5-chlorospiro [3H- 
benzof uran-2 , 4 • -piperidin] -1 ' -yl) -2-hydroxypropyl ] oxy] -4- [ (4- 
methoxybenzyl) oxy] benzoate trif luoroacetate 644 97 1-09-5P, 

5-Chloro-2- [ [ (2S) -3- ( 5-chlorospiro [ 3H-benzof uran-2 , 4 ' -piperidin] -1 ' -yl) -2- 
hydroxypropyl] oxy] -4- [ ( 4-methoxybenzyl ) oxy] benzoic acid hydrochloride 
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64 4 97 2-7 5- 8P, N- [ 2 - [ [ { 2R) -3- ( 5-Fluorospiro [ 3H-benzof uran-2 , 4 ' - 

piperidin ] -1 ' -yl ) -2-hydroxypropyl] oxy] -4-methoxyphenyl ] acetamide 

8572 64-4 1-6P, (R) -1- ( 5-Chiorospiro [ 3H-benzofuran-2 , 4 ' -piperidin ] - 

1 *-yl} -3- {5-methoxy-2-nitrophenoxy) propan-2-ol 857264-42-7P, 

N- [2- [ [ (2R) -3- (5-Chlorospiro [3H-benzofuran-2, 4 ' -piperidin] -1 '-yl) -2- 

hydroxypropyl] oxy] -4-methoxyphenyl] acetamide 857264-4 9-4 P, 

(R) -1- { 5-Methoxy-2-nitrophenoxy ) -3- (spiro [ 3H-benzof uran-2 , 4 ' -piperidin] -1 ' 

yl)propan-2-ol 857264-50-7P, N-[2-[ [ (2R) -2-Hydroxy-3- ( spiro [ 3H- 

benzofui:an-2 , 4 ' -piperidin] -1 ' -yl ) propyl] oxy] - 4-methoxyphenyl] acetamide 

857264-62-lP, N- [2- [ [ (2R) -3- ( 5-Chlorospiro [3H-benzof uran-2 , 4 ' - 

piperidin] -1 ' -yl) '2-hydroxypropyl] oxy] phenyl] urea 857264- 65-4P, 

N- [2- [ [ (2R) -3- (5-Fluorospiro [3H-benzofuran-2, 4 ' -piperidin] -1 '-yl) -2- 

hydroxypropyl ] oxy] phenyl] urea 

RL: RCT (Reactant); SPN ( Synthetic preparation) ; PREP (Preparation); RACT 
(Reactant or reagent) 

(preparation of tricyclic spiropiperidines as modulators of chemokine 
receptor activity) 
RN 644968-75-2 CAPLUS 

CN Acetamide, N- [2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' - 
yl) -2-hydroxypropoxy] -4-hydroxyphenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 644971-08-4 CAPLUS 

CN Benzoic acid, 5-chloro-2- [( 2S } -3- ( 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' - 

piperidin] -1 ' -yl ) -2-hydroxypropoxy] -4- [ (4-methoxyphenyl ) methoxy] methyl 
ester, trif luoroacetate (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-07-3 

CMF C31 H33 C12 N 07 



Absolute stereochemistry. 
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CM 2 



CRN 76-05-1 
CMF C2 H F3 02 



F 

F-C- CO2H 
I 

F 

RN 644971-09-5 CAPLUS 

CN Benzoic acid, 5-chloro-2- [ { 2S ) -3- ( 5-chlorospiro [benzof uran-2 ( 3H ) , 4 ' - 
piperidin] -1 ' -yl ) -2-hydroxypropoxy] -4- [ ( 4 -methoxyphenyl ) methoxy] 
hydrochloride {9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



CI 




• HCl 



RN 644972-75-8 CAPLUS 

CN Acetamide, N- [2- [ (2R) -3- { 5-f luorospiro [benzof urari-2 {3H) , 4 ' -piperidin] -1 ' - 
yl) -2-hydroxypropoxy] -4-methoxyphenyl] - (CA INDEX NAME) 



Absolute stereochemistry. 
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OMe 




F' 



RN 857264-41-6 CAPLUS 

CN Spiro [benzof uran-2 ( 3H) , 4 ' -piper idine ] -1 ' -ethanol, 5-chloro-a- [ ( 5- 
methoxy-2-nitrophenoxy) methyl] (aR)- {CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




CI 



RN 857264-42-7 CAPLUS 

CN Ace t amide , N-[2-[(2R)-3-( 5-chlorospiro [benzof uran-2 { 3H) , 4 ' -piperidin] 
yi) -2-hydroxypropoxy] -4-methoxyphenyl] - {CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




CI 



RN 857264-49-4 CAPLUS 

CN Spiro [benzof uran-2 (3H) , 4 ' -piper idine] -1 ' -ethanol, a- [ { 5-methoxy-2- 
nitrophenoxy) methyl] (aR)- {CA INDEX NAME) 



Absolute stereochemistry. 
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OMe 




RN 857264-50-7 CAPLUS 

CN Acetamide, N- [2- [ {2R) -2-hydroxy-3-spiro [benzof uran-2 (3H) , 4 ' -piper idin] -1 ' - 
ylpropoxy]-4-methoxyphenyl]- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




RN 857264-62-1 CAPLUS 

CN Urea, [2- [ (2R) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 ' -piperidin] -1 '-yl) -2- 
hydroxypropoxy] phenyl] - (9C1) (CA INDEX NAME) 

Absolute stereochemistry. 



CI 




RN 857264-65-4 CAPLUS 

CN Urea, [2- [ (2R) -3- { 5-f luorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] -1 »-yl) -2- 
hydroxypropoxy] phenyl]- {9CI) {CA INDEX NAME) 



Absolute stereochemistry. 
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PRIORITY APPLN. INFO.: SE 2003-3090 A 20031120 

WO 2004-SE1658 W 20041115 

OTHER SOURCE{S): MARPAT 143:26501 

GI 




AB The invention provides compds . of formula (I) [wherein m = 0-4; Rl = 

halogen, cyano, HO, Cl-6 alkyl, Cl-6 haloalkyl, Cl-6 alkoxy, sulf onamido; 

X - a bond, CH2, 0; Y = a bond, CH2, 0; Z = a bond, 0, NH, CH2 ; provided 
that only one of X, Y and Z can represent a bond at any one time and 
provided that X and Y do not both simultaneously represent 0; n = 0-2; R2 
= halogen, Cl-6 alkyl, Cl-6 haloalkyl; q = 0, 1; t = 0-5; R3 = halogen, 
cyano, N02, HO, CHO, NR9R10, CH2C0R11R12, NHS02R13R14, CH2R17, Cl-6 
alkylcarbonyl, phenylcarbonyl , C3-6 cycloalkyl, Cl-6 alkyl, C2-6 alkenyl, 
C2-6 alkynyl, Cl-6 alkoxy, Ph, (un) substituted and (un) saturated 5- to 
10-membered heterocyclic ring system comprising at least one ring 
heteroatom selected from N, 0, and S; R4-R8 - H, halogen, Cl-6 alkyl, Cl-6 
haloalkyl; R9, RIO, R13, R14, R15, R16 - H, Cl-6 alkyl; Rll, R12 = H, Cl-6 
alkyl; or NR11R12 or NR15R16 together form (un) substituted 4- to 
7-membered saturated heterocyclic ring; R17 ^ >1 oxo- (un) substituted 5 
to 7 membered saturated heterocyclic ring containing at least one N atom] or 
pharmaceutically acceptable salts or solvates thereof. These compds. 
modulate chemokine receptor activity (no data) and are useful in the 
manufacture of a medicament for the treatment of human diseases or conditions 
in which modulation of chemokine receptor activity is beneficial, 
including rheumatoid arthritis, chronic obstructive pulmonary disease, 
asthma, and multiple sclerosis. Thus, a mixture of 5-chloro-3H-spiro [ 1- 
benzofuran-2, 4 '-piperidine] (150 mg, 0.67 mmol) and {2S)-2-[(2- 
methoxyphenoxy) methyl] oxirane (121 mg, 0.67 mmol) in ethanol (2 mL) was 
stirred at 80° overnight to give, after evaporation of the solvent and 
purification on silica gel chromatog., (2S) -1- (5-chloro-l 'H, 3H-spiro [ 1- 
benzofuran-2 , 4 ' -piperidin] -1 ' -yl) -3- (2-methoxyphenoxy ) propan-2-ol 
hydrochloride (II). 
IT 644968-71-8P 644968-75-2P 644970-61-6P 
852951-53-2P 

RL: RCT (Reactant) ; SPN (Synthetic preparation) ; PREP (Preparation); RACT 
(Reactant or reagent) 

(intermediate; preparation of N- ( 3~phenoxy-2-hydroxypropyl ) spiropiperidine 
derivs. as modulators of chemokine receptor activity) 
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RN 644968-71-8 CAPLUS 

CN Acetamide, N- [2- [ ( 2S ) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 ' -piper idin] -1 ' 
yl) -2-hydroxypropoxy] -4-methoxyphenyl] - (CA INDEX NAME) 



Absolute stereochemistry. 




NHAc 



RN 644968-75-2 CAPLUS 
CN Acetamide, N-I2-[(2S)- 
yl) -2-hydroxypropoxy] ■ 



■3- ( 5-chlorospiro 
■4-hydroxyphenyl] 



[benzof uran-2 {3H} , 
- (CA INDEX NAME) 



4 ' -piperidin] -1 ' 



Absolute stereochemistry. 




CI 



RN 644970-61-6 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 * -piperidine] -1 ' -ethanol, a- [ (2-amino-5- 
hydroxyphenoxy) methyl] -5-chloro-, {aS)-, bis ( trif luoroacetate) 
(salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644970-60-5 

CMF C21 H25 CI N2 04 



Absolute stereochemistry. 
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CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C-CO2H 
F 

RN 852951-53-2 CAPLUS 

CN Glycine, N- [ [2- [ {2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 '- 
yl ) -2-hydroxypropoxy] phenyl ] methylene] ethyl ester (CA INDEX NAME) 

Absolute stereochemistry. 
Double bond geometry unknown. 



CI 




IT 852950-88-OP 

RL: PAC (Pharmacological activity); RCT (Reactant) ; SPN {Synthetic 

preparation) ; THU (Therapeutic use) ; BIOL (Biological study) ; PREP 
(Preparation); RACT (Reactant or reagent); USES (Uses) 

(preparation of N- ( 3-phenoxy-2-hydroxypropyl ) spiropiperidine derivs. as 
modulators of chemokine receptor activity) 
RN 852950-88-0 CAPLUS 

CN Benzaldehyde, 2- [ (2S) -3- { 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' - 
yl) -2-hydroxypropoxy] - (CA INDEX NAME) 



Absolute stereochemistry. 
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CI 



852950 


-60- 


8P 


852950 


-61- 


9P 


852950- 


62 


-OP 


852950 


-63- 


IP 


852950 


-65- 


3P 


852950- 


66 


-4P 


852950 


-67- 


5P 


852950 


-68- 


6P 


852950- 


70 


-OP 


852950 


-71- 


IP 


852950 


-73- 


3P 


852950- 


75 


-5P 


852950 


-77- 


7P 


852950 


-78- 


8P 


852950- 


79 


-9P 


852950 


-80- 


2P 


852950 


-81- 


3P 


852950- 


82 


-4P 


852950 


-83- 


5P 


852950 


-84- 


6P 


852950- 


85 


-7P 


852950 


-86- 


8P 


852950 


-87- 


9P 


852950- 


89 


-IP 


852950 


-90- 


4P 


852950 


-91- 


5P 


852950- 


92 


-6P 


852950 


-93- 


7P 


852950 


-94- 


8P 


852950- 


95 


-9P 


852950 


-96- 


OP 


852950 


-97- 


IP 


852950- 


98 


-2P 


852950 


-99- 


3P 


852951 


-00- 


9P 


852951- 


01 


-OP 


852951 


-02- 


IP 


852951 


-03- 


2P 


852951- 


04 


-3P 


852951 


-05- 


4P 


852951 


-06- 


5P 


852951- 


07 


-6P 


852951 


-08- 


7P 


852951 


-09- 


8P 


852951- 


10 


-IP 


852951 


-11- 


2P 


852951 


-12- 


3P 


852951- 


13 


-4P 


852951 


-14- 


5P 


852951 


-15- 


6P 


852951- 


16 


-7P 


852951 


-17- 


8P 


852951 


-18- 


9P 


852951- 


19 


-OP 


852951 


-20- 


3P 


852951 


-21- 


4P 


852951- 


22 


-5P 


852951 


-23- 


6P 


852951 


-24- 


7P 


852951- 


25 


-8P 


852951 


-26- 


9P 


852951 


-27- 


OP 


852951- 


28 


-IP 


852951 


-29- 


2P 


852951 


-30- 


5P 


852951- 


31 


-6P 


852951 


-32- 


7P 


852951 


-33- 


8P 


852951- 


34 


-9P 


852951 


-36- 


IP 















RL: PAG {Pharmacological activity); SPN (Synthetic preparation); THU 
(Therapeutic use); BIOL (Biological study); PREP (Preparation); USES 
(Uses) 

(preparation of N- ( 3-phenoxy-2-hydroxypropyl ) spiropiperidine derivs. as 
modulators of chemokine receptor activity) 
RN 852950-60-8 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-ot- [ (2- 
methoxyphenoxy) methyl] hydrochloride, (aS)- (901) (CA INDEX NAME) 



Absolute stereochemistry. 
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CI 



• HCl 



RN 852950-61-9 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 * -piper idine ] ~1 ' -ethanol, 5-chloro-a- [ (2- 
methoxyphenoxy)methyl] (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852950-62-0 CAPLUS 

CN Spiro [benzofuran-2 (3H) ,4' -piperidine] ~1 ' -ethanol, 5-chloro-a- [ {2- 
hydroxyphenoxy ) methyl ] - , (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852950-63-1 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 ' -piper idine] -1 ' -ethanol, 5-chloro-a- [ [2- (2- 
hydroxyethoxy) phenoxy] methyl ] hydrochloride, (aS)- {9CI) {CA 
INDEX NAME) 



Absolute stereochemistry. 
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CI 



• HCl 



m 852950-65-3 CAPLUS 

CN Benzeneacetamide, 2- [ (2S) -3- {5-chlorospiro [benzofuran-2 {3H) ,4 ' -piperidin] - 
1 ' -yl) -2-hydroxypropoxy] -N-methyl-, (aS) mono ( trif luoroacetate) 
(salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 852950-64-2 

CMF C24 H29 CI N2 04 

Absolute stereochemistry. 




NHMe 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C-C02H 
F 

RN 852950-66-4 CAPLUS 

CN 3-Pyrrolidinol, 1- [ [2- [ (2S) -3- ( 5-chlorospiro [benzofuran-2 {3H) , 4 '- 

piperidin]-l'-yl) -2-hydroxypropoxy]phenyl]acetyl]-, (3S)- {9CI) {CA INDEX 
NAME) 



Absolute stereochemistry. 
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RN 852950-67-5 CAPLUS 

CN Acetamide, N- [ [2- [ {2S) -3- ( 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] -1 ' 
yl) -2-hydroxypropoxy] phenyljmethyl] - (CA INDEX NAME) 



Absolute stereochemistry. 




CI 



RN 852950-68-6 CAPLUS 

CN Be nzene ace t amide , 2-[ {2S)-3-(5-chlorospiro[benzofuran-2 (3H) ,4* -piperidin] 
1 '-yl) -2-hydroxypropoxy] -4-methoxy-N-methyl- (CA INDEX NAME) 



Absolute stereochemistry. 



OMe 




NHMe 



RN 852950-70-0 CAPLUS 

CN Acetamide, N- [ [2- [ ( 2S) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 • -piperidin] -1 ' 
yl) -2-hydroxypropoxy] -4 -hydroxyphenyl ] methyl ] mono { trif luoroacetate ) 
(salt) (9CI) (CA INDEX NAME) 



10/579,545 
CM 1 

CRN 852950-69-7 

CMF C24 H29 CI N2 05 

Absolute stereochemistry. 



OH 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F-C-CO2H 
F 

RN 852950-71-1 CAPLUS 

CN Ben z ene ace t amide, 4- [ ( 2S ) -2-hydroxy-3-spiro [benzof uran-2 { 3H) , 4 ' -piper idin] - 
1 ' -ylpropoxy] -2-methoxy-N-methyl- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




NHMe 



RN 852950-73-3 CAPLUS 

CN Spiro [benzof uran-2 (3H) , 4 ' -pipe ri dine] -1 ' -ethanol, a- [ (2-amino-5- 
methoxyphenoxy) methyl ] -5-chloro-, (aS)-, bis { trif luoroacetate) 
(salt) {9CI) (CA INDEX NAME) 



10/579,545 



CM 1 

CRN 852950-72-2 

CMF C22 H27 CI N2 04 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F— C- CO2H 
F 



RN 852950-75-5 CAPLUS 

CN Methanesulfonamide, N- [2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' 
piperidin] -1 ' -yl ) -2-hydroxypropoxy ] -4-hydroxyphenyl ] 
mono(trifluoroacetate) (salt) (901) (CA INDEX NAME) 

CM 1 

CRN 852950-74-4 

CMF C22 H27 CI N2 06 S 

Absolute stereochemistry. 



OH 




10/579,545 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F" C-CO2H 
F 

RN 852950-77-7 CAPLUS 

CN Methanesulf onamide, N- [2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' - 
piperidin] -1 * -yl) -2-hydroxypropoxy] -4-methoxyphenyl ] 
mono(trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 852950-76-6 

CMF C23 H29 Ci N2 06 S 

Absolute stereochemistry. 



OMe 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 
1 

F-C- CO2H 
F 

RN 852950-78-8 CAPLUS 

CN Spiro [benzof uran-2 {3H) , 4 * -piper idine] -1 * -ethanol, a- [ {4-bromo-2- 
fluorophenoxy) methyl] -5-chloro-, (aS)- (CA INDEX NAME) 



Absolute stereochemistry. 
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Br 



CI 



RN 852950-79-9 CAPLUS 

CN Spiro [benzof uran-2 { 3H) , 4 ' ^piperidine] -1 ' -ethanol, a- [ ( 4-bromo-2- 
f luorophenoxy ) methyl ] -5-chloro-, (aS)-, trif luoroacetate (salt) 
(9CI) (CA INDEX NAME) 

CM 1 

CRN 852950-78-8 

CMF C21 H22 Br CI F N 03 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- CO2H 
F 



RN 852950-80-2 CAPLUS 

CN Spiro [benzof uran-2 ( 3H) , 4 * -piperidine ] -1 ' -ethanol, 5-chloro-a- [ (3- 
ethynylphenoxy) methyl] -, (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 
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RN 852950-81-3 CAPLUS 

CN Spiro [benzof uran-2 {3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- [ (2,4- 
dichloro-3,5-dimethylphenoxy)methyl]-, (cxS)- (CA INDEX NAME) 



Absolute stereochemistry. 




RN 852950-82-4 CAPLUS 

CN Spiro [benzofuran-2 {3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- [ [4- 
chloro-2- {5-isoxazolyl) phenoxy]methyl] (aS)- {CA INDEX NAME) 



Absolute stereochemistry. 



CI 




CI 



RN 852950-83-5 CAPLUS 

CN Methanone, [4-[{2S)-3-(5-chlorospiro[benzofuran-2{3H),4' -piperidin] 
2-hydroxypropoxy] phenyl] phenyl- (CA INDEX NAME) 



Absolute stereochemistry. 
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RN 852950-84-6 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- 

[ (2,3,4, 6-tetrachlorophenoxy)methyl]-, (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852950-85-7 CAPLUS 

CN Spiro [benzofuran-2 ( 3H) , 4 * -piperidine] -1 ' -ethanol, 5-chloro-a- [ (2- 
cyclohexyl-5-methylphenoxy)methyl] -, (aS)- {CA INDEX NAME) 

Absolute stereochemistry. 



Me 



CI 




RN 852950-86-8 CAPLUS 

CN Spiro [benzofuran-2 (3H) ,4 ' -piperidine ] -1 ' -ethanol, 5-chloro-a- 
(phenoxymethyl) {cxS}- {CA INDEX NAME) 



10/579,545 

Absolute stereochemistry. 




Ci 



RN 852950-87-9 CAPLUS 

CN Spire [benzofuran-2 ( 3H) , 4 ' -piper idine ] -1 ' -ethanol, a- [ (2- 
bromophenoxy) methyl] -5-chloro-, (<xS)- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852950-89-1 CAPLUS 

CN Benzaldehyde, 2- [ (2S) -3- ( 5-chlorospiro [benzofuran-2 (3H) , 4 ' -piper idin] -1 ' - 
yl)-2-hydroxypropoxy]-5-(l,l-dimethylethyl)- {CA INDEX NAME) 

Absolute stereochemistry. 




Bu-t 



CI 



RN 852950-90-4 CAPLUS 

CN Spiro [benzofuran-2 ( 3H) , 4 ' -piper idine] -1 ' -ethanol, 5-chloro-a- 

[ ( [1,1* :3',l"-terphenyl]-2'-yloxy)methyl]-, (aS) - {9CI) (CA INDEX 
NAME) 



Absolute stereochemistry. 
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RN 852950-91-5 CAPLUS 

CN Ethanone, 1- [2- [ (23) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] 
yl) -2-hydroxypropoxy] -5-methoxyphenyl] - (CA INDEX NAME) 



Absolute stereochemistry. 




OMe 



RN 852950-92-6 CAPLUS 

CN Ethanone, 1- [5-bromo-2- [ (2S) -3- { 5-chlorospiro [benzof uran-2 (3H) 
piperidin]-l*-yl) -2-hydroxypropoxy]phenyl]- (CA INDEX NAME) 



Absolute stereochemistry. 



CI 




Br 



RN 852950-93-7 CAPLUS 

CN Spiro [ben ZD fur an- 2 (3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a~ [ [4- 

chloro~5~methyl-2- ( 1-methylethyl ) phenoxy] methyl ] (aS) - (CA INDEX 
NAME) 



Absolute stereochemistry. 
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Me 




Ci 



RN 852950-94-8 CAPLUS 

CN Spiro [ben2ofuran-2 { 3H) , 4 ' -piperidine ] -1 ' -ethanol, 5-chloro-a- [ (2,3- 
dimethyl-4-nitrophenoxy)methyl]-, (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 



Me 




m 852950-95-9 CAPLUS 

CN Spiro [benzofuran-2 ( 3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- [ {2,4- 

dichlorophenoxy)methyl] (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 



Ci 




CI 



RN 852950-96-0 CAPLUS 

CN 2-Prcpenoic acid, 3- [4- [ (2S) -3- ( 5-chlorospiro [benzofuran-2 (3H} , 4 ' - 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -3-methoxyphenyl] ethyl ester, (2E} 
(CA INDEX NAME) 

Absolute stereochemistry. 
Double bond geometry as shown. 



10/579,545 




CI 



RN 852950-97-1 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- [ (2- 
methyl-3-nitrophenoxy) methyl] (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852950-98-2 CAPLUS 

CN Benzaldehyde, 5-chloro-2- [ (23) -3- ( 5-chlorospiro [benzofuran-2 {3H) , 4 ' 
piperidin] -1 '-yl) -2-hyclroxypropoxy] - {CA INDEX NAME) 

Absolute stereochemistry. 




CI 



CI 



RN 852950-99-3 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- [ {2- 
fluorophenoxy) methyl] -, (aS)- (CA INDEX NAME) 



Absolute stereochemistry. 
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CI 



RN 852951-00-9 CAPLUS 

CN Spiro [benzof uran-2 (3H) , 4 ' -piperidine] -1 ' -ethanoi, 5-chloro-a- [ (3- 
f luorophenoxy) methyl] -, (aS)- {CA INDEX NAME) 

Absolute stereochemistry. 




RN 852951-01-0 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 ' -piperidine] -1 ' -ethanoi, 5-chloro-a- [ ( 4- 
f luorophenoxy) methyl]-, (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 



CI 




F 



RN 852951-02-1 CAPLUS 

CN Spiro [ben2ofuran-2 ( 3H) , 4 ' -piperidine] -1 ' -ethanoi, 5-chloro-a- [ (2- 
chlorophenoxy ) methyl ] - , (aS)- {CA INDEX NAME) 



Absolute stereochemistry. 
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CI 



RN 852951-03-2 CAPLUS 

CN Spiro [benzofuran-2 {3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- [ {3 
chlorophenoxy) methyl] (aS)- {CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852951-04-3 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- [ (4 
chlorophenoxy) methyl]-, (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 



CI 




CI 



RN 852951-05-4 CAPLUS 

CN Spiro [benzofuran-2 ( 3H) , 4 ' -piperidine] -1 ' -ethanol, a-[{3- 
bromophenoxy) methyl] -5-chloro-, (aS)- (CA INDEX NAME) 



Absolute stereochemistry. 
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Ci 



RN 852951-06-5 CAPLUS 

CN Spiro [benzofuran-2 {3H) , 4 ' -piperidine] -1 ' -ethanol, a- [ (4- 
bromophenoxy) methyl ] -5-chloro-, (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 




Br 



CI 



RN 852951-07-6 CAPLUS 

CN Spiro [benzofuran-2 {3H) , 4 ' -piper idine] -1 ' -ethanol, 5-chloro-a- [ [2- 
{ 1 , 1-dimethylethyl) -5-methylphenoxy]methyl] (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852951-08-7 CAPLUS 

CN Spiro [benzofuran-2 { 3H) , 4 ' -piper idine] -1 ' -ethanol , 5-chloro-a- [ [2- 
( trif luoromethyl ) phenoxy ] methyl ] - , (aS)- {CA INDEX NAME) 



Absolute stereochemistry. 
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RN 852951-09-8 CAPLUS 

CN Ethanone, l-[2~[(2S)-3-( 5~chlorospiro [benzof uran-2 ( 3H) , 4 ' -piper idin] 
yl) -2-hydroxypropoxy] -4 , 5-dimethoxyphenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




OMe 



RN 852951-10-1 CAPLUS 

CN Spiro [benzofuran-2 {3H) , 4 ' -piper idine] -1 ' -ethanol, 5-chloro-a- 

[[2,3,5, 6-tetraf luoro-4- ( trifluoromethyl) phenoxy] methyl] (aS) • 
(CA INDEX NAME) 

Absolute stereochemistry. 




RN 852951-11-2 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- [ ( 4- 
chloro-3-ethylphenoxy) methyl] (aS)- (CA INDEX NAME) 



Absolute stereochemistry. 
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Et 




CI 



CI 



RN 852951-12-3 CAPLUS 

CN Spiro [benzof uran-2 (3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- [ [3 
(2,5-dimethyl-lH-pyrrol-l-yl)phenoxy]methyl]-, (aS)- {CA INDEX 
NAME) 

Absolute stereochemistry. 




CI 



RN 852951-13-4 CAPLUS 

CN Spiro [benzof uran-2 { 3H) , 4 * -piperidine] -1 ' -ethanol, 5-chloro-ct- [ [2 
(hydroxymethyl)phenoxy] methyl]-, (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852951-14-5 CAPLUS 

CN Spiro[benzofuran-2 (3H) ,4' -piperidine] -1 ' -ethanol, 5-chloro-a- [ [2 
hydroxyethyl)phenoxy]methyl] (aS)- (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




OH 



Ci 



RN 852951-15-6 CAPLUS 

CN Benzonitrile, 3- [ (2S) -3- (5-chlorospiro [benzofuran-2 (3H) , 4 ' -piperidin] 
yl)-2-hydroxypropoxy]- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852951-16-7 CAPLUS 

CN Benzonitrile, 2- [ (2S) -3- (5-chlorospiro [benzofuran-2 (3H) , 4 ' -piperidin] 
yl)-2-hydroxypropoxy]- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852951-17-8 CAPLUS 

CN Spiro [benzofuran-2 { 3H) , 4 ' -piperidine] -I'-ethanol, 5-chloro-a- [ [2- {4- 
morpholinyl ) phenoxy ] methyl] (aS)- (CA INDEX NAME) 



Absolute stereochemistry. 
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RN 852951-18-9 CAPLUS 

CN Spiro [benzof uran-2 ( 3H) , 4 ' -piperidine ] -1 ' -ethanol , 5-chloro-a- [(2,3- 
difiuoro-6-nitrophenoxy) methyl] (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 



CI 




RN 852951-19-0 CAPLUS 

CN Spiro [benzof uran-2 {3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- [(2,3,6- 
trichlorophenoxy) methyl]-, (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852951-20-3 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- [ ( 4- 
f luoro-2-methoxyphenoxy)methyl] -, (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 
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CI 




F 



RN 852951-21-4 CAPLUS 

CN Benzaldehyde, 5-chloro-2- [ (2S) -3- { 5-chlorospiro [benzof uran-2 (3H) ,4 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -3-methyl- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852951-22-5 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 ' -piperidine] -1 * -ethanol, 5-chloro-a- [ [4- ( 
methyl-l-piperidinyl) -2-nitrophenoxy]inethyl] (aS)- (CA INDEX 
NAME) 

Absolute stereochemistry. 

^\ .Me 



CI 




RN 852951-23-6 CAPLUS 

CN Spire [benzofuran-2 ( 3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chIoro-a- [{2,4 
dichloro-3, 5-dimethyl-6-nitrophenoxy)methyl] (aS)- (CA INDEX 
NAME) 



Absolute stereochemistry. 
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RN 852951-24-7 CAPLUS 

CN 1-Propanone, 1- [ 3 , 5-dichloro-2 - [ (2S) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 ' - 
piperidin] -1 ' -yl) -2-hyclroxypropoxy]phenyl] - (CA INDEX NAME) 



Absolute stereochemistry. 




CI 



RN 852951-25-8 CAPLUS 

CN Spiro [benzofuran-2 {3H) , 4 * -piper idine] -1 ' -ethanol, 5-chloro-a- [ (4- 
ethylphenoxy) methyl]-, (aS)- {CA INDEX NAME) 

Absolute stereochemistry. 



CI 




Et 



RN 852951-26-9 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 ' -piperidine] -1 '-ethanol, 5-chloro-a- [ (2- 
ethylphenoxy)methyl]-, (aS)- {CA INDEX NAME) 

Absolute stereochemistry. 
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CI 



RN 852951-27-0 CAPLUS 

CN Spiro [benzofuran-2 ( 3H) , 4 ' -piper idine] -1 ' -ethanol, 5-chloro-a- [ ( 3- 
ethylphenoxy)methyl]-, (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852951-28-1 CAPLUS 

CN Spiro [benzofuran-2 (3H) , 4 ' -piperidine] -1 ' -ethanol, 5-chloro-a- [ [3- (4- 
morpholinyDphenoxy] methyl]-, (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852951-29-2 CAPLUS 

CN Spiro[benzofuran-2 {3H) ,4' -piperidine ] -1 ' -ethanol , 5-chloro-a-[[2-(5- 
methyl-1, 3, 4-oxadiazol-2-yl) phenoxy]methyl] -, (aS)- (CA INDEX NAME) 

Absolute stereochemistry. 
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Me 



RN 852951-30-5 CAPLUS 

CN Benzonitrile, 4- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 {3H) ,A * -piper idin] -1 ' 
yl)-2-hydroxypropoxy]- {CA INDEX NAME) 

Absolute stereochemistry. 




CN 



RN 852951-31-6 CAPLUS 

CN Pyrrolidine, 1- [ [2- [ (2S) -3- {5-chlorospiro [benzof uran-2 (3H) , 4 ' -piper idin] 
l'-yl)-2-hydroxypropoxy] phenyl] sulfonyl]- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




RN 852951-32-7 CAPLUS 

CN 2, 4-Imidazolidinedione, l-[[2-[{2S)-3- (5-chlorospiro [benzof uran-2 (3H) , 4 * 
piperidin] -1 • -yl) -2-hydroxypropoxy]phenyl]methyl] - (CA INDEX NAME) 



Absolute stereochemistry. 
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RN 852951-33-8 CAPLUS 

CN Acetic acid, [ 2-chloro-5- [ { 2S ) -3- ( 5-chlorospiro [benzof uran-2 ( 3H ) , 4 ' - 
piperidin]-l'-yl)-2-hydroxypropoxy]phenoxy]- {9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




CI ^ 

RN 852951-34-9 CAPLUS 

CN Acetic acid, [2, 4-dichloro-5- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 *- 
piperidin] -1 '-yl) -2-hydroxypropoxy]phenoxy] - (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 852951-36-1 CAPLUS 

CN Ben zeneacet amide, 2- [ { 23) -3- ( 5-chloraspiro [benzofuran-2(3H) ,4' -piperidin] - 
1 * -yl ) -2-hydroxypropoxy] -4-hydroxy-N-methyl-, mono ( trif luoroacetate ) 
(salt) (9CI) (CA INDEX NAME) 
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CM 1 

CRN 852951-35-0 

CMF C24 H29 CI N2 05 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

I 

F- C-CO2H 
F 
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AB The invention provides tricyclic spiropiperidines or spiropyrrolidines 
(shown as I; variables defined below; e.g. II), processes for their 
preparation, pharmaceutical compns. containing them and their use in therapy 

for 

disorders affected by modulation of chemokine receptors (no data). For I: 
m is 0-4; each Rl = halogen, cyano, hydroxy, C1-C6 alkyl, C1-C6 haloalkyl, 
C1-C6 alkoxy or sulfonamido; either X = a bond, -CH2-, -0- or -C(0)- and Y 
= a bond, -CH2-, -0- or -C(0)-, or X and Y together = -CH:CMe- or 
-CMe:CH-, and Z = a bond, -0-, -NH- or -CH2-, provided that only one of X, 
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Y and Z can be a bond at any one time and provided that X and Y do not 
both simultaneously = -0- or -C(0)-. N - 0-2; each R2 = halogen or C1-C6 
alkyl; q = 0-1; R3 = -NHC(O)R10, -C(0) NR11R12 or -C00R12a; R4, R5, R6, R7 
and R8 = H or a C1-C6 alkyl group; t = 0-2; each R9 = halogen, cyano, 
hydroxy, carboxy, C1-C6 alkoxy, C1-C6 alkoxycarbonyl , C1-C6 haloalkyl, or 
C1-C6 alkyl; addnl. details are given in the claims. Methods of preparation 
are claimed and >200 example prepns. are included. For example, II was 
prepared in 2 steps starting from N- {2-hydroxyphenyl) acetamide, 

( (2S) -oxiran-2-yl)methyl and Cs2C03 in DMF to give N- [2- [ { ( 2S ) -oxiran-2- 
yl ) methoxy] phenyl ] acetamide as an intermediate, which was reacted with 
5-chloro-3H-spiro [l-benzofuran-2, 4 ' -piperidine] in EtOH to give II. 
IT 644969-62-OP 644969-63-lP 

RL: PAC (Pharmacological activity); PEP (Physical, engineering or chemical 
process); PYP (Physical process); SPN (Synthetic preparation); THU 

(Therapeutic use); BIOL (Biological study); PREP (Preparation); PROC 

(Process) ; USES (Uses) 

(drug candidate, chiral resolution; preparation of tricyclic 
spiropiperidines 

or spiropyrrolidines useful against disorders affected by modulation of 
chemokine receptors) 
RN 644969-62-0 CAPLUS 

CN Acetamide, N- [2- [ (2S) -3- ( 5-chlorospiro [ben2ofuran-2 { 3H) , 3 ' -pyrrolidin] -1 ' - 
yl) -2-hydroxypropoxy]phenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 



CI 




RN 644969-63-1 CAPLUS 

CN Acetamide, N- [2- [ ( 2S ) -3- ( 5-chlorospiro [benzof uran-2 { 3H) , 3 ' -pyrrolidin] -1 ' - 
yl) -2-hydroxypropoxy] -4-methoxyphenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 




IT 644969-61-9P 644969-64-2P 

RL: PAC (Pharmacological activity); PUR (Purification or recovery); RCT 

(Reactant); SPN (Synthetic preparation); THU (Therapeutic use); BIOL 
(Biological study); PREP (Preparation); PACT (Reactant or reagent); USES 
(Uses) 

(drug candidate; preparation of tricyclic spiropiperidines or 
spiropyrrolidines useful against disorders affected by modulation of 
chemokine receptors) 
RN 644969-61-9 CAPLUS 

CN Acetamide, N- [2- [ (2S) -3- [ ( 2S ) -5-chlorospiro [benzof uran-2 (3H) , 3' - 
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pyrrolidin] -1 ' -yl ] -2-hydroxypropoxy] -4-methoxyphenyl] - (CA INDEX NAME) 
Absolute stereochemistry. 




RN 644969-64-2 CAPLUS 

CN Acetamide, N-[2-[ (23) -3- [ ( 2R) -5-chlorospiro [benzof uran-2 { 3H) ,3'- 

pyrrolidin] -1 ' -yl] -2-hydroxypropoxy] -4-methoxyphenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 




IT 644969-59-5P 644969-60-8P 

RL: PAC (Pharmacological activity); PUR {Purification or recovery); SPN 
(Synthetic preparation) ; THU (Therapeutic use) ; BIOL (Biological study) 
PREP (Preparation); USES (Uses) 

(drug candidate; preparation of tricyclic spiropiperidines or 
spiropyrrolidines useful against disorders affected by modulation of 
chemokine receptors) 
RN 644969-59-5 CAPLUS 

CN Acetamide, N- [2- [ ( 2S ) -3- [ (2S) -5-chlorospiro [benzof uran-2 {3H) ,3'- 
pyrrolidin] -1 ' -yl] -2-hydroxypropoxy] phenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 



CI 




RN 644969-60-8 CAPLUS 

CN Acetamide, N- [2- [ (2S) -3- [ (2R) -5-chlorospiro [benzof uran-2 (3H) , 3'- 
pyrrolidin] -1 ' -yl] -2-hydroxypropoxy]phenyl] - (CA INDEX NAME) 



Absolute stereochemistry. 



LO/579, 545 



NHAc 




IT 644968-64-9P 644968-67-2P 644968-71-8P 

644968-75-2P 644970-19-4P 644970-24-lP 

644970- 28-5P 644971-09-5P 644971-31-3P 

644971- 35-7P 644971-43-7P 644971-47-lP 

644971- 52-8P 644971-55-lP 644971-61-9P 

644972- 78-lP 644972-80-5P 

RL: PAC (Pharmacological activity); RCT (Reactant) ; SPN (Synthetic 
preparation); THU (Therapeutic use); BIOL (Biological study); PREP 

(Preparation); RACT (Reactant or reagent); USES (Uses) 

(drug candidate; preparation of tricyclic spiropiperidines or 
spiropyrrolidines useful against disorders affected by modulation of 

chemokine receptors) 
RN 644968-64-9 CAPLUS 

CN Acetamide, N- [2- [ (2S) -3- ( 5-chlorospiro [ben2ofuran-2 ( 3H) , 4 ' -piperidin] -1 
yl) -2-hydroxypropoxy]phenyl] - (CA INDEX NAME) 



Absolute stereochemistry. 




RN 644968-67-2 CAPLUS 

CN Acetamide, N- [2- [ (28) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piper idin ] -1 
yl) -2-hydroxypropoxy] -4-f luorophenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 



10/579,545 



RN 644968-71-8 CAPLUS 

CN Acetamide, N- [2- [ (2S) -3- ( 5-chlorospiro [benzofuran-2 ( 3H) , 4 ' -piperidin] -1 ' - 
yl) -2-hydroxypropoxy] -4-methoxyphenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




CI 



RN 644968-75-2 CAPLUS 

CN Acetamide, N- [2- [ (23) -3- ( 5-chlorospiro [benzofuran-2 (3H) , 4 * -piperidin] -1 ' - 
yl) -2-hydroxypropoxy] -4-hydroxyphenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 644970-19-4 CAPLUS 

CN Benzoic acid, 4 '-fluoro-2- [( 2S ) -3- ( 5-fluorospiro [ benzofuran-2 ( 3H ), 4 ' - 

piperidin] -1 ' -yl) -2-hydroxypropoxyj hydrochloride (9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




• HCl 



RN 644970-24-1 CAPLUS 

CN Benzoic acid, 2- [ ( 2S ) -3- ( 5-chlorospiro [benzof uran-2 { 3H) , 4 ' -piperidin] 
yl) -2-hydroxypropoxy] -4-methyl-, hydrochloride {9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



Me 




• HCl 



RN 644970-28-5 CAPLUS 

CN Benzoic acid, 2- [( 2S) -3- { 5-fluorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin ] 
yl) -2-hydroxypropoxy] -4-ir.ethyl-, hydrochloride (9CI) (OA INDEX NAME) 

Absolute stereochemistry. 



10/579,545 



Me 




• HCl 

RN 644971-09-5 CAPLUS 

CN Benzoic acid, 5-chloro~2- [ ( 2S ) -3- ( 5-chlorospiro [benzof uran-2 { 3H) , 4 ' - 
piperidin] -1 ' -yl ) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl) methoxy] 
hydrochloride (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



• HCl 

RN 644971-31-3 CAPLUS 

CN Acetamide, N- [5-chloro-2- [ (2S) -2 -hydroxy-3-spiro [benzof uran-2 (3H} , 4 

piperidin] -1 ' -ylpropoxy] -4-methoxyphenyl] mono { trif luoroacetate) (salt) 
(9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-30-2 

CMF C24 H29 CI N2 05 



Absolute stereochemistry. 



10/579,545 



OMe 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

I 

F- C-CO2H 
F 

RN 644971-35-7 CAPLUS 

CN 1-Pyrrolidinecarboxamide, N-[2-[{2S)-3-{ 5-chlorospiro [benzof uran-2 {3H) , 4 ' - 
piperidin] -1 ' -yl) -2-hydroxypropoxy ] -4-methoxyphenyl] -3-hydroxy-, {33)-, 
mono{trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-34-6 

CMF C27 H34 CI N3 06 

Absolute stereochemistry. 



OMe 




CM 2 



CRN 76-05-1 
CMF C2 H F3 02 



10/579,545 



I 

F- C-CO2H 
F 



RN 644971-43-7 CAPLUS 

CN Benzoic acid, 2- [ ( 2S) -3- { 5-chlorospiro [benzof uran-2 { 3H) , 4 ' -piperidin] -1 ' - 
yl) -2-hydroxypropoxy] "-5-methyl-, hydrochloride (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




Me 



CI 



• HCl 

RN 644971-47-1 CAPLUS 

CN Benzoic acid, 2- [ {2S) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 ' -piperidin] -1 ' - 
yi) -2-hydroxypropoxy] -4-methoxy-, hydrochloride {9CI) {CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




CI 



• HCl 



RN 644971-52-8 CAPLUS 

CN Benzoic acid, 5-chloro-2- [ (23) -3- {5-chlorospiro [benzof uran-2 {3H) , 4 ' - 

piperidin] -1 • -yl) -2-hydroxypropoxy] hydrochloride (9CI) {CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




CI 



CI 



• HCl 

RN 644971-55-1 CAPLUS 

CN Benzoic acid, 2- [ (2S) -3- { 5-chlorospiro [benzof uran-2 {3H) , 4 ' -piperidin] -1 ' - 
yl) -2-hydroxypropoxy] -5-f luoro-, hydrochloride (9CI) {CA INDEX NAME) 

Absolute stereochemistry. 




F 



CI 



• HCl 

RN 644971-61-9 CAPLUS 

CN Benzoic acid, 4- (acetylamino) -3- [ {2S) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 * 
piperidin] -1 ' -yl) -2-hydroxypropoxy] methyl ester, mono { trif luoroacetate) 
(salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-60-8 

CMF C25 H29 CI N2 06 

Absolute stereochemistry. 



10/579,545 




NHAc 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F— C-CO2H 
I 

F 



RN 644972-78-1 CAPLUS 
CN Benzoic acid, 2-[{2S)- 
yl) -2-hydroxypropoxy] ■ 

Absolute stereochemistry. 



-{5-fluorospiro[benzofuran-2 (3H) ,4' -piperidin] ■ 
methyl ester (CA INDEX NAME) 




F' 



RN 644972-80-5 CAPLUS 

CN Benzoic acid, 2- [ (2S) -3- (5-f luorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' 
yl) -2-hydroxypropoxy] hydrochloride (9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579, 545 




• HCl 
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10/579,545 



644972-75-8P 644972-81-6P 644972-82-7P 
644972-86-lP 644972-87-2P 644972-92-9P 

644972- 93-OP 644972-95-2P 644973-01-3P 

644973- 03-5P 644973-06-8P 644973-08-OP 
644973-10-4P 644973-11-5P 644973-12-6P 
644973-13-7P 644973-14-8P 644973-39-7P 
645389-76-OP 

RL: PAC (Pharmacological activity); SPN (Synthetic preparation); THU 
(Therapeutic use); BIOL (Biological study); PREP (Preparation); USES 
(Uses) 

(drug candidate; preparation of tricyclic spiropiperidines or 
spiropyrrolidines useful against disorders affected by modulation of 

chemokine receptors) 
RN 644968-77-4 CAPLUS 

CN Ace t amide, N-[2-[(2S)-3-( 5-chlorospiro [ ben zo fur an- 2 ( 3H) , 4 ' -piperidin] -1 ' • 
yl) -2-hydroxypropoxy] -5- (trifluoromethyl) phenyl] - (CA INDEX NAME) 



Absolute stereochemistry. 




CF3 



RN 644968-79-6 CAPLUS 

CN Benzamide, 2- [ (2S) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 '-piperidin] -1 ' -yl) 
2-hydroxypropoxy] -N-cyclopropyl- (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644968-80-9 CAPLUS 

CN Benzamide, 2-[ (2S) -3- (5-chlorospiro [benzofuran-2 (3H) , 4 ' -piperidin] -1 ' -yl ) 
2-hydroxypropoxy ] -N-cyclopropyl-4-fluoro- (CA INDEX NAME) 

Absolute stereochemistry. 



10/579, 545 




RN 644968-83-2 CAPLUS 

CN Benzamide, 2- [ (23) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' 
2-hydroxypropoxy] -N-cyclopropyl-4-inethoxy- (CA INDEX NAME) 



-yl 



Absolute stereochemistry. 



OMe 




RN 644968-87-6 CAPLUS 

CN Acetamide, N- [2- [ {2S ) -3- (5-chlorospiro [benzof uran-2 { 3H) , 4 ' -piperidin] -1 ' 
yl) -2-hydroxy-2-methylpropoxy] -4 -hydroxyphenyl ] mono { trif luoroacetate ) 
(salt) {9CI) (CA INDEX NAME) 

CM 1 

CRN 644968-86-5 

CMF C24 H29 CI N2 05 

Absolute stereochemistry. 




10/579,545 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F-C-C02H 

I 

F 

RN 644969-08-4 CAPLUS 

CN Benz amide, 2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' -yl) 
2-hydroxypropoxy] -N-cyclopropyl-4-hydroxy- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 644969-11-9 CAPLUS 

CN Be nz amide, 2- [ (2S) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' -yl) 
2-hydroxy-2-methylpropoxy] ~N-cyclopropyl-4-hydroxy- {CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 644969-20-0 CAPLUS 

CN Benzamide, 2- [ (2S) -3- {5-chlorospiro [benzof uran-2 {3H) , 4 ' -piperidin] -1 ' -yl) 
2-hydroxy-2-methylpropoxy] -4-hydroxy-N-methyl- , mono ( trif luoroacetate) 
(salt) (9CI) (CA INDEX NAME) 



10/579,5^5 



CM 1 

CRN 644969-19-7 

CMF C24 H29 CI N2 05 

Absolute stereochemistry. 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 
I 

F- C-C02H 

I 

F 

RN 644969-24-4 CAPLUS 

CN Ben z amide, 2- [ (2S) -3- { 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piper idin] -1 ' -yl) 
2-hydroxypropoxy] -4-hydroxy-N-methyl- (CA INDEX NAME) 

Absolute stereochemistry. 



OH 




CI 



RN 644969-28-8 CAPLUS 

CN Ace t amide, N- [2- [ (2S) -3- (5-chlorospiro [1, 3-ben2odioxole-2, 4 ' -piperidin] -1 
yl) -2-hydroxypropoxy] -4 -hydroxyphenyl ] mono { trif luoroacetate) (salt) 
{9CI) (CA INDEX NAME) 



10/579,545 



CM 1 

CRN 644969-27-7 

CMF C22 H25 CI N2 06 

Absolute stereochemistry. 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 
I 

F~ C- CO2H 
F 

RN 644969-31-3 CAPLUS 

CN Ace t amide, N- [2- [ (2S) -3- ( 5-chiorospiro [1, 3-benzodioxole-2 , 4 ' -piperidin] -1 ' 
yl ) -2-hydroxy-2-methylpropoxy; -4-hydroxyphenyl ] mono ( trif luoroacetate ) 
(salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644969-30-2 

CMF C23 H27 CI N2 06 

Absolute stereochemistry. 




10/579,545 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C-CO2H 
F 

RN 644969-34-6 CAPLUS 

CN Ace t amide, N- [ 4-hydroxy-2- [ {2S) -2-hydroxy-3-spiro [1, 3-benzodioxole-2 , 4 ' - 

piper idin] -1 ' -ylpropoxy] phenyl] mono ( trif luoroacetate) (salt) ( 9CI ) (CA 
INDEX NAME) 

CM 1 

CRN 644969-33-5 
CMF C22 H26 N2 06 

Absolute stereochemistry. 



OH 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- CO2H 
F 

RN 644969-36-8 CAPLUS 

CN Acetamide, N- [4-hydroxy-2- [ (23) -2-hydroxy-2-methyl-3-spiro [ 1 , 3- 

benzodioxole-2 , 4 ' -piperidin] -1 * -ylpropoxy ] phenyl] mono ( trif luoroacetate) 
(salt) (9CI) (CA INDEX NAME) 



10/579,545 



CM 1 

CRN 644969-35-7 
CMF C23 H28 N2 06 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F-C- CO2H 
F 

RN 644969-48-2 CAPLUS 

CN Ben z amide , 2- [ ( 2S) -3- ( 5-chlorospiro [benzof uran-2 ( 3H) ,4 ' -piperidin] -1 ' -yl) 
2-hydroxypropoxy] -4-hydroxy-N- (2-hydroxyethyl) - (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644969-52-8 CAPLUS 

CN Benzamide, N- (2-aminoethyl ) -2- [ (2S) -3- { 5-chlorospiro [benzofuran-2 (3H) , 4 ' - 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxy- (CA INDEX NAME} 

Absolute stereochemistry. 



iO/579,545 




RN 644969-55-1 CAPLUS 

CN Benzamide, 2- [ {2S) -3- ( 5-f luorospiro [benzof uran-2 {3H) , 4 ' -piper idin] -1 ' -yl 
2"-hydroxypropoxy] -4-hydroxy-N-methyl- (CA INDEX NAME) 

Absolute stereochemistry. 



OH 




RN 644969-57-3 CAPLUS 

CN Acetamide, N- [2- [ (2S) -3- { 5-f luorospiro [benzof uran-2 (3H} , 4 '-piper idin] -1' 
yl) -2-hydroxypropoxy] -4-hydroxyphenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 



OH 




RN 644969-58-4 CAPLUS 

CN Acetamide, N- [2- [ {2S) -3- ( 5-f luorospiro [benzof uran-2 (3H) , 4 ' -piper idin] -1 • 
yl) -2-hydroxypropoxy] phenyl ] - (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




F 



RN 644969-65-3 CAPLUS 

CN Be nz amide, 2 - [ {2S) -3- { 5-chlorospiro [benzof uran-2 (3H) , 3 ' -pyrrol idin] -1 ' -yl) - 
2-hydroxypropoxy] -4-hydroxy-N-methyl- {CA INDEX NAME) 



Absolute stereochemistry. 




0 



RN 644969-67-5 CAPLUS 

CN Benzoic acid, 2- [ (2S) -3- ( 5-chIorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] -1 ' - 
yl) -2-hydroxypropoxy] -4-hydroxy-, trif luoroacetate (salt) (9CI) (CA INDEX 
NAME) 

CM 1 

CRN 644969-54-0 
CMF C22 H24 Ci N 06 

Absolute stereochemistry. 




CM 2 



CRN 76-05-1 



10/579,545 



CMF C2 H F3 02 



F- C- CO2H 
F 

RN 644969-69-7 CAPLUS 

CN 3- Pyrrol idinol , l-[2-[(2S)-3- ( 5-chlorospiro [benzof uran-2 ( 3H) ,4 ' -piper! din] 
1 ' -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] (3S)- (9CI) {CA INDEX NAME) 

Absolute stereochemistry. 




RN 644969-71-1 CAPLUS 

CN 3-Pyrralidinol, l-[2-[{2S)-3- (5-chlorospiro [benzof uran-2 (3H) ,4 ' -piper idin] 
1 '-yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] (3R)- {9CI) {CA INDEX NAME) 

Absolute stereochemistry. 




RN 644969-73-3 CAPLUS 

CN Morpholine, 4- [2- [ (2S) -3- { 5-chlorospiro [benzof uran-2 {3H) , 4 ' -piper idin] -1 '■ 
yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] - {9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




RN 644969-76-6 CAPLUS 

CN Ben z amide, 2- [ (2S) -3- ( 5~chlorospiro [1, 3-benzodioxole-2 , 4 ' -piperidin] -1 ' - 
yl) -'2-hydroxypropoxy] -N-methyl-, mono ( trif luoroacetate) (salt) (9CI) (CA 
INDEX NAME) 

CM 1 

CRN 644969-75-5 

CMF C22 H25 01 N2 05 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 
I 

F- C- C02H 
F 

RN 644969-88-0 CAPLUS 

CN Acetamide, N-[2-[ (2S)-3-[ ( 2R) ~5-chlorospiro [benzof uran-2 ( 3H ) ,3'- 

pyrrolidin] -1 * -yl] -2-hydroxypropoxy] -4-hydroxyphenyl] - (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




RN 644969-89-1 CAPLUS 

CN Acetamide, N- [2- [ (2S) -3- [ (2S) -5-chlorospiro [benzof uran-2 (3H) , 3'- 

pyrrolidin] -1 ' -yl] -2-hydroxypropoxy] -4-hydroxyphenyl] - {CA INDEX NAME) 

Absolute stereochemistry. 




RN 644969-90-4 CAPLUS 

CN Pyrrolidine, l-[2-[{2S)-3-( 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piper idin] 
yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] - {9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644969-93-7 CAPLUS 

CN 4-Piperidinol, l-[2-[(2S)-3- (5-chlorospiro [benzof uran-2 (3H) , 4 ' -piper idi 
1 • -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] - (9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




RN 644969-95-9 CAPLUS 

CN 3-Pyrrolidinol, 1- [2- [ (25) -3- (5-chlorospiro [benzofuran-2 (3H) , 4 ' -piperidin] - 
I'-yl) -2-hydroxypropoxy]benzoyl]-, (3S)- {9CI) {CA INDEX NAME) 

Absolute stereochemistry. 

^OH 




CI ^ 

RN 644969-96-0 CAPLUS 

CN Piperidine, l-[2-[(2S)-3-( 5-chlorospiro [benzofuran-2 ( 3H) ,4 ' -piper idin] -1 * - 
yl) ~2-hydroxypropoxy] -4-hydroxybenzoyl] - ( 9CI ) (CA INDEX NAME) 

Absolute stereochemistry. 



OH 



10/579,545 



RN 644970-04-7 CAPLUS 

CN Acetamide, N- [ 4-hydroxy-2- [ (2S) -2-hydroxy-3- [5- 

( trif luoromethyl) spiro [benzofuran-2 (3H) , 4 ' -piper idin] -1 ' - 
yl Ipropoxy] phenyl ] - (CA INDEX NAME) 



Absolute stereochemistry. 



OH 




RN 644970-05-8 CAPLUS 

CN 3-Pyrrolidinol, l-[2-[ (2S)-3- { 5-chlorospiro [benzofuran-2 ( 3H) , 4 ' -piper idin] 
1 ' -yl) -2-hydroxypropoxy] -4-hydroxyben2oyl ] benzoate (ester) , (3S) - ( 9CI ) 
(CA INDEX NAME) 



Absolute stereochemistry. 



OH 




RN 644970-08-1 CAPLUS 

CN 3-Pyrrolidinol , l-[2-[(2S)-3-( 5-chlorospiro [benzofuran-2 { 3H) , 4 ' -piper idin] 
l'-yl)-2-hydroxypropoxy]-4-fluorobenzoyl]-, (38)- (9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 



F 




RN 64 4 97 0-12-7 CAPLUS 

CN 3-Pyrrolidinol, 1- [ 4-hydroxy-2 - [ (2S) -2-hydroxy-3- [5- 

( trif luoromethyl) spiro [benzofuran-2 {3H) , 4 ' -piperidin] -1 ' - 
yl]propoxy]benzoyl]-, {3S)- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



OH 




RN 644970-16-1 CAPLUS 

CN 3~Pyrrolidinol, 1- [ 4-f luoro-2- [ (2S) -2-hydroxy-3-spiro [benzofuran-2 ( 3H) , 4 ' - 
piperidin]-l'-ylpropoxy]benzoyl]-, (3S)- {9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644970-21-8 CAPLUS 

CN 3-Pyrrolidinol, 1- [ 4-f luoro-2- [ ( 2S ) -3- ( 5- fluorospiro [benzofuran-2 (3H) , 4 

piperidin]-l'-yl)-2-hydroxypropoxy]benzoyl]-, (3S)- {9CI) (CA INDEX NAME) 



10/579,545 



Absolute stereochemistry. 



F 




RN 644970-22-9 CAPLUS 

CN Acetamide, N- [ (3S) -1- [2- [ {2S) -3- ( 5-chlorospiro [benzof uran-2 ( 3H) , 4 

piperidin] -1 ' -yl) -2-hydroxypropoxy ] -4-hydroxybenzoyl ] -3-pyrrolidinyl] - 
(CA INDEX NAME) 

Absolute stereochemistry. 




NHAc 



RN 644970-27-4 CAPLUS 

CN 3-Pyrrolidinol, l-[2-[(2S)-3-(5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] - 
1 ' -yl) -2-hydroxypropoxy] -4-methylbenzoyl] {3S)~ (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



Me 




RN 644970-30-9 CAPLUS 

CN 2-Morpholinemethanol, 4- | 2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 

piperidin] -1 • -yl) -2-hydroxypropoxy] -4-methylbenzoyl] - (9CI) (CA INDEX 



10/579,545 
NAME ) 

Absolute stereochemistry. 




RN 644970-31-0 CAPLUS 

CN 3-Pyrrolidinol, l-[2-[{2S)-3-(5-fluorospiro [benzof uran-2 { 3H) , 4 * -piperidin] 
1 ' -yl) -2-hydroxypropoxy] -4-methylbenzoyl] {3S)- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



Me 




RN 644970-32-1 CAPLUS 

CN Benzamide, 2- [ {2S) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 ' -piperidin] -1 ' -yl) ■ 
2-hydroxypropoxy] -N- [ [ (4R) -2, 5-dioxo-4-imidazolidinyl] methyl] -4-hydroxy- 
{CA INDEX NAME) 

Absolute stereochemistry. 




10/579,545 



RN 644970-35-4 CAPLUS 

CN 3- Pyrrol idinol, 1- [2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piper idin] 
1 ' -yl ) -2-hydroxypropoxy] -4-hydroxybenzoyl ] -3- ( tr if luoromethyl ) - ( 9CI ) {CA 
INDEX NAME) 

Absolute stereochemistry. 




RN 644970-39-8 CAPLUS 

CN Pyrrolidine, 1- [2- [ (23) -3- { 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] -1 ' 
yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] -3- {trif luoromethyl ) - (9CI) (CA 
INDEX NAME) 

Absolute stereochemistry. 




RN 644970-44-5 CAPLUS 

CN Benzamide, N- [2- ( acetylamino ) ethyl] -2- [ (2S) -3- (5-chlorospiro [benzofuran- 
2 (3H) ,4 '-piperidin]-l'-yl) -2-hydroxypropoxy] -4-hydroxy- (CA INDEX NAME) 



Absolute stereochemistry. 



n 

I ! 

10/579,545 




NHAc 



RN 644970-46-7 CAPLUS 

CN Acetamide, N- [5-chloro~2- [ {2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-methoxyphenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




CI 



RN 644970-47-8 CAPLUS 

CN Acetamide, N- [ 5-chloro-2 - [ {2S) -3- ( 5-chlorospiro [benzofuran-2 (3H) , 4 
piperidin] -1 ' -yl ) -2-hydrGxypropoxy ] -4-methoxyphenyl ] 
mono{trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644970-46-7 

CMF C24 H28 C12 N2 05 

Absolute stereochemistry. 



OMe 




CI 



I 
I 



10/579,545 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F- C~C02H 

I 

F 

RN 644970-49-0 CAPLUS 

CN 1-Pyrrolidinecarboxamide, N- [5-chloro-2- [ (2S) -3- ( 5-chlorospiro [benzofuran- 
2 {3H) , 4 ' -piper idin] -1 ' -yl) -2 -hydroxypropoxy] phenyl] -3-hydroxy-, (3S) - {CA 
INDEX NAME) 

Absolute stereochemistry. 




RN 644970-50-3 CAPLUS 

CN 1-Pyrrolidinecarboxamide, N- [5-chloro-2- [ (2S) -3- (5-chlorospiro [benzofuran- 
2 (3H) , 4 ' -piperidin] -1 ' -yl) -2-hydroxypropoxy] phenyl] ~3-hydroxy-, (3S) 
mono (trif luoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644970-49-0 

CMF C26 H31 C12 N3 05 

Absolute stereochemistry. 




CM 2 



10/579,545 



CRN 76-05-1 
CMF C2 H F3 02 



F 
I 

F- C- C02H 
F 

RN 644970-53-6 CAPLUS 

CN l-Pyrroliciinecarboxamide^ N-[2-[(2S)-3- ( 5-chlorospiro [benzofuran-2 (3H) ^4* 
piperidin] -1 ' -yl } -2-hydroxypropoxy] phenyl ] -3-hyclroxy-, {3S)- {CA INDEX 
NAME) 

Absolute stereochemistry. 




CI 



RN 644970-54-7 CAPLUS 

CN 1-Piperidinecarboxamide , N-[2~[{2S)-3- (5-chlorospiro [benzofuran-2 (3H) , 4 ' - 
piperidin] ~1 ' -yl) ~2-hydroxypropoxy] phenyl] -4-hydroxy- (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644970-56-9 CAPLUS 

CN Urea, [2- [ (2S) -3- ( 5-chlorospiro [benzofuran-2 (3H) , 4 ' -piper idin] -1 ' -yl) -2- 
hydroxypropoxy] phenyl] mono ( trif luoroacetate ) (salt) {9CI) (CA INDEX 
NAME) 



CM 1 



10/579,545 



CRN 644970-55-8 

CMF C22 H26 CI N3 04 

Absolute stereochemistry. 



CI 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F- C-CO2H 
F 

RN 644970-59-2 CAPLUS 

CN Urea, [2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 { 3H) , 4 ' -piper idin] -1 ' -yl) -2- 
hydroxypropoxy] -4-hydroxyphenyl] mono ( trif luoroacetate) (salt) ( 9CI ) 
(CA INDEX NAME) 

CM 1 

CRN 644970-58-1 

CMF C22 H26 CI N3 05 

Absolute stereochemistry. 



OH 



CI 




CM 2 



10/579,545 



CRN 76-05-1 
CMF C2 H F3 02 



F 

F-C-~ CO2H 
I 

F 



RN 6^14970-63-8 CAPLUS 

CN Urea, [2- [ ( 2S ) -3- ( 5-chlorospiro [benzof uran-2 ( 3H ) , 4 ' -piperidin] -1 ' -yl) -2- 

hydroxypropoxy] -4-f luorophenyl] mono ( trif luoroacetate) (salt) {9CI) {CA 

INDEX NAME) 

CM 1 

CRN 644970-62-7 

CMF C22 H25 CI F N3 04 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- CO2H 
F 



RN 644970-66-1 CAPLUS 

CN Methane sulfonamide, N-[[[2-[(2S)-3~ (5-chlorospiro [benzof uran-2 ( 3H) , 4 ' - 
piperidin] -1 * -yl) -2-hydroxypropoxy ] -4-hydroxyphenyl ] amino] carbonyl] 
mono(trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644970-65-0 

CMF C23 H28 CI N3 07 S 



10/579,545 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F- C-C02H 
F 



RN 644970-68-3 CAPLUS 

CN 4-Isoxazolidinol, 2- [2- [ {2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 
piper idin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] ( 4S) 
mono{trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644970-67-2 

CMF C25 H29 CI N2 07 

Absolute stereochemistry. 




CM 2 



10/579,545 



CRN 76-05-1 
CMF C2 H F3 02 



F 
I 

F-C- C02H 
F 

RN 644970-72-9 CAPLUS 

CN 4-Isoxazolidinol, 2- [2- [ {2S) -3- { 5-chlorospiro [benzof uran-2 (3H) , 4 
piperidin] -1 ' -yl) -2-hydroxypropoxy ] -4-hydroxybenzoyl ] (4R) 
mono (trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644970-71-8 

CMF C25 H29 CI N2 07 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- CO2H 
F 

RN 644970-75-2 CAPLUS 

CN 4-Isoxazolidinol, 2-[2-[(2S)-3- {5-chlorospiro [benzofuran-2 (3H) , 4 '- 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl ] -4 -methyl-, (4S) -, 
mono (trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644970-74-1 

CMF C26 H31 CI N2 07 



10/579,545 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F- C- C02H 
I 

F 

RN 644970-82-1 CAPLUS 

CN 4-Isoxazolidinol, 2-[2-[ {2S) -3- (5-chlorospiro [benzofuran-2 (3H) ,4'- 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] -4-methyl-, (4R) - , 
mono(trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644970-81-0 

CMF C26 H31 Ci N2 07 

Absolute stereochemistry. 



OH 



CI 




CM 2 



10/579,545 



CRN 76-05-1 
CMF C2 H F3 02 



F 

F-C- CO2H 
F 



RN 644970-88-7 CAPLUS 

CN Be nz amide , 2- [ (2S) -3- { 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 * -yl) - 
2-hydroxypropoxy] -N- (methylsulf onyl) mono ( trif luoroacetate) (salt) {9CI) 
(CA INDEX NAME) 

CM 1 

CRN 644970-87-6 

CMF C23 H27 CI N2 06 S 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C-CO2H 
F 



RN 644970-94-5 CAPLUS 

CN Be nz amide, 2-[ (2S)-3-(5-chlorospiro[benzofuran-2 (3H) ,4'-piperidin]-l'-yl)- 
2-hydroxypropoxy] -N-lH-tetrazol-5-yl- , bis ( trif luoroacetate ) (salt) ( 9CI ) 
(CA INDEX NAME) 

CM 1 

CRN 644970-93-4 

CMF C23 H25 CI N6 04 

Absolute stereochemistry. 



10/579,545 



H 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 
I 

F- C-CO2H 
F 

RN 644970-99-0 CAPLUS 

ON 3-Pyrrolidinamine, 1- [2- [ (23) -3- ( 5-chlorospiro [benzofuran-2 (3H) , 4 * - 
piperidin]-l'-yl) -2-hydroxypropoxy ] -4-hydroxybenzoyl ] -N, N-dimethyl-, 
(3R)-, bis (trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644970-98-9 

CMF C28 H36 CI N3 05 

Absolute stereochemistry. 




CM 2 



I 



10/579,545 



CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- C02H 
F 



RN 644971-01-7 CAPLUS 

CN 3-Pyrrolidinamine, 1- [2- [ ( 2S) -3- ( 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' - 
piperidin] -1 ' -yl ) -2-hydroxypropoxy ] -4-hydroxybenzoyl ] -N, N-dimethyl- , 
(3S)-, bis (trifluoroacetate) {salt) (9CI} (CA INDEX NAME) 



CM 1 



CRN 644971-00-6 

CMF C28 H36 CI N3 05 



Absolute stereochemistry. 



OH 




CM 2 



CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C-CO2H 

I 

F 

RN 644971-04-0 CAPLUS 

CN 3-Pyrrolidinol, 1- [ 5-chloro-2- [ (23) -3- {5-chlorospiro [benzof uran-2 {3H) , 4 
piperidin] -I'-yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] (3S) 
mono (trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 



CM 1 



CRN 644971-03-9 



10/579, 545 

CMF C26 H30 C12 N2 06 
Absolute stereochemistry. 

OH 



CI' 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F- C-C02H 
F 

RN 644971-13-1 CAPLUS 

Cn Pyrrolidine, l-[2-[(2S)-3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 
yl) -2-hydroxypropoxy ] -4-hydroxybenzoyl ] -3-methoxy- , (3S) 
mono (trif luoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-12-0 

CMF C27 H33 CI N2 06 

Absolute stereochemistry. 



10/579,545 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F-C~C02H 
F 

RN 644971-16-4 CAPLUS 

CN 2--Pyrrolidinemethanol, 1- [2- [ [2S) -3- { 5-chlorospiro [benzof uran-2 {3H) , 4 ' - 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] -, {2R) 
inono(trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-15-3 

CMF C27 H33 CI N2 06 

Absolute stereochemistry. 



OH 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



10/579,545 



F 

F- C- CO2H 
F 

RN 644971-19-7 CAPLUS 

CN 2-Pyrrolidinemethanol, 1- [2- [ (23) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 ' 
piperidin] -1 '-yl) -2-hydroxypropoxy ] -4-hydroxybenzoyl ] {2S) 
mono{trifluoroacetate) (salt) {9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-18-6 

CMF C27 H33 CI N2 06 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F-C-C02H 
F 

RN 644971-21-1 CAPLUS 

CN 3-Pyrrolidinemethanol, 1- [2 - [ { 2S ) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] 
mono ( trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-20-0 

CMF C27 H33 CI N2 06 



Absolute stereochemistry. 



10/579,545 




Ci 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F" C- CO2H 
I 

F 

RN 644971-24-4 CAPLUS 

CN 2-Pyrrolidinecarboxainide, l-[2- [ (2S) -3-{5-chlorospiro [ben 20 fur an- 2 ( 3H) , 4 ' - 
pipe rid in] -1 ' -yl) -2-hydroxypropoxy ] -4-hydroxybenzoyl ] (2R) 
mono(trifluoroacetate) (salt) (9CI} (CA INDEX NAME) 

CM 1 

CRN 644971-23-3 

CMF C27 H32 Ci N3 06 

Absolute stereochemistry. 




O 



CM 2 



10/579,545 



CRN 76-05-1 
CMF 02 H F3 02 



F 

F-C- C02H 
F 



RiSS 644971-27-7 CAPLUS 

CN Acetamide, N- [ 4-hydroxy-2'- [ {2S) -2-hydroxy-3-spiro [benzof uran-2 (3H) , 4 ' - 

piperidin] -1 ' -ylpropoxy] phenyl ] mono ( trif luoroacetate) (salt) { 9CI ) (CA 
INDEX NAME) 

CM 1 

CRN 644971-26-6 
CMF C23 H28 N2 05 

Absolute stereochemistry. 



OH 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C-CO2H 
F 

RN 644971-29-9 CAPLUS 

CN Acetamide, N- [ 4 -hydroxy- 2 - [ (25) -2 -hydroxy- 3- { 5-me thylspiro [benzofuran- 

2 ( 3H) , 4 ' -piperidin] -1 ' -yl) propoxy] phenyl] - , mono ( trif luoroacetate) (salt) 
{9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-28-8 
CMF C24 H30 N2 05 



10/579,545 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- C02H 
F 



RN 644971-33-5 CAPLUS 

CN Acetamide, N- [5-chloro-4-hydroxy-2- [ {2S) -2~hydroxy-3-spiro [benzofuran- 
2 (3H) , 4 '-piperidin] -1 ' -ylpropoxy] phenyl] mono ( trif luoroacetate) (salt) 
{9CI} (CA INDEX NAME) 

CM 1 

CRN 644971-32-4 

CMF C23 H27 CI N2 05 

Absolute stereochemistry. 




CM 2 



10/579,545 



CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- C02H 
F 



RN 644971-37-9 CAPLUS 

CN l-Pyrroiidinecarboxamide, N-[2-[(2S)-3- { 5-chlorospiro [benzof uran-2 ( 3H) , 4 * - 
piper idin]-l'-yl) -2-hydroxyprcpoxy] -4-hydroxyphenyl ] -3 -hydroxy-, (3S) 
mono{trifiuoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-36-8 

CMF C26 H32 CI N3 06 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- C02H 
F 

RN 644971-39-1 CAPLUS 

CN 3-Pyrrolidinol, 1- [ 4-hydroxy-2- [ (2S) -2-hydroxy-3-spiro [benzof uran-2 (3H) , 4 ' 
piperidin] -1 ' -ylpropoxy] benzoyl] -, (3S)-, mono ( trif luoroacetate ) (salt) 
(9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-38-0 
CMF C26 H32 N2 06 



10/579,545 



Absolute stereochemistry. 



OH 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- C02H 
I 

F 

RN 644971-49-3 CAPLUS 

CN 3-Pyrrolidinol, 1- [2- [ {2S) -3- ( 5-chlorospiro [benzofuran-2 { 3H) , 4 ' -piperidin] 
1 ' -yl) -2-hydroxypropoxy] -5-methylbenzoyl] (3S) - , mono ( trif luoroacetate) 
(salt) {9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-48-2 

CMF C27 H33 CI N2 05 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



10/579,545 



F 

F- C- CO2H 

I 

F 



RN 644971-51-7 CAPLUS 

CN 3-Pyrrolidinol, 1- [2- [ ( 2S ) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] - 
1 • -yl ) ~2-hydroxypropoxy] -4-inethoxybenzoyl ] (35) mono ( trif luoroacetate) 
(salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-50-6 

CMF C27 H33 CI N2 06 

Absolute stereochemistry. 



OMe 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F-C-CO2H 
I 

F 



RN 644971-54-0 CAPLUS 

CN 3-Pyrrolidinol , 1- [5-chloro-2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' - 
piperidin] -1 * -yl) -2-hydroxypropoxy ] benzoyl] -, {3S) 
mono {trif luoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-53-9 

CMF C26 H30 C12 N2 05 



Absolute stereochemistry. 



10/579,545 




CM 2 

CRN 76-05-1 
CMF 02 H F3 02 

F 

F-C- CO2H 
F 

RN 644971-57-3 CAPLUS 

CN 3-Pyrrolidinol, 1- [2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] - 
1 ' ~yl) -2-hydroxypropoxy] -5-f luorobenzoyl] (3S) mono ( trif luoroacetate) 
(salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-56-2 

CMF C26 H30 CI F N2 05 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



10/579,545 



F 

F-C- CO2H 
F 

RN 644971-59-5 CAPLUS 

CN 1- Pyrrol idinecarboxamide, N- [ 2- [ ( 2S ) -3- { 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' - 
piper idin] -1 ' -yl) -2-hydroxypropoxy] phenyl ] mono ( trif luoroacetate) (salt) 
(9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-58-4 

CMF C26 H32 CI N3 04 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F- C-CO2H 
F 

RN 644971-64-2 CAPLUS 

CN Benzoic acid, 4- {acetylamino ) -3- [ {2S) -3- (5-chlorospiro [benzof uran-2 ( 3H) , 4 ' - 
piper idin] -1 ' -yl) -2-hydroxypropoxy] -, mono ( trif luoroacetate ) (salt ) ( 9CI ) 
(CA INDEX NAME) 

CM 1 

CRN 644971-63-1 

CMF C24 H27 CI N2 06 



10/579, 545 

Absolute stereochemistry. 



CI 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 
I 

F-C- C02H 
F 

RN 644971-65-3 CAPLUS 

CN Ben z amide, 2-[ (2S)-3-(5-chlorospiro[benzofuran-2 (3H) ,4'-piperidin]-l'-yl) 
2-hydroxypropoxy] -4-hydroxy-N- (2-hydroxypropyl) - (CA INDEX NAME) 

Absolute stereochemistry. 



OH 




RN 644971-66-4 CAPLUS 

CN Benzamide, 2- [ (2S) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' -yl) 
2-hydroxypropoxy] -4 -hydroxy-N- ( 2-hydroxypropyl) mono ( trif luoroacetate) 
(salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-65-3 

CMF C25 H31 CI N2 06 



10/579,545 



Absolute stereochemistry. 



OH 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 
1 

F- C- C02H 
F 

RN 644971-68-6 CAPLUS 

CN Benzamide, 2- [ (2S) -3- ( 5-chlorospiro [benzof uran--2 {3H) , 4 ' -piperidin] -1 ' -yl) 
2-hydroxypropoxy] -4-hydroxy-N- {2-hydroxy-l, 1-dimethylethyl ) - {CA INDEX 
NAME) 

Absolute stereochemistry. 




CI 



RN 644971-69-7 CAPLUS 

CN Ben 2 amide, 2- [ ( 2S ) -3- ( 5-chlorospiro [benzof uran-2 {3H) ,4'-piperidin]-l'-yl) 
2-hydroxypropoxy] -N-cyclopentyl-4-hydroxy- (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




CI 



RN 644971-70-0 CAPLUS 

CN Benzamide, 2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 * -piper idin] -1 ' -yl) - 
2-hydroxypropoxy] -4-hydroxy-N- (2-methoxyethyl) - (CA INDEX NAME) 

Absolute stereochemistry. 

OH 




RN 644971-71-1 CAPLUS 

CN Ben z amide, 2- [ (23) -3-(5-chlorospiro[benzofuran-2 (3H) ,4' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -4-hydroxy-N- (2-hydroxyphenyl) - {CA INDEX NAME) 

Absolute stereochemistry. 



OH 



CI 




RN 644971-72-2 CAPLUS 

CN Benzamide, 2- [ (2S) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -N- {1, 1-dimethylethyl) -4-hydroxy- (CA INDEX NAME) 



Absolute stereochemistry. 



ri 



10/579,545 




CI 



RN 644971-73-3 CAPLUS 

CN Benzamide, 2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -4-hydroxy-N- {2-hydroxy-l-methylethyl) - (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644971-74-4 CAPLUS 

CN Benzamide, 2-[ {2S)-3-{5-chlorospiro[benzofuran-2 {3H) ,4* -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -4-hydroxy-N- (2-methylpropyl) - (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 644971-75-5 CAPLUS 

CN Benzamide, 2- [ {2S) -3- (5-chlorospiro [benzofuran-2 (3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -N- (2, 3-dihydroxypropyl) -4-hydroxy- (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




RN 644971-76-6 CAPLUS 

CN Benzamide, 2- [ {2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -4-hydroxy-N- (2-hydroxyethyl) -N-methyl- (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644971-77-7 CAPLUS 

CN L-Serine, N-[2-[ ( 2S ) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' - 
yl ) -2-hydroxypropoxy] -4-hydroxybenzoyl] methyl ester {CA INDEX NAME) 

Absolute stereochemistry. 



OH 



CI 




RN 644971-78-8 CAPLUS 

CN Benzamide, 2- [ {2S) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 * -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -N- (1-ethylpropyl) -4-hydroxy- {CA INDEX NAME) 

Absolute stereochemistry. 



10/579,5^5 




CHEt2 



RN 644971-79-9 CAPLUS 

CN Benzamide, 2- [ (2S) -3- { 5-chlorospiro [benzof uran-2 {3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -4--hydroxy-N- [ ( tetrahydro-2-furanyl} methyl] - {CA INDEX 
NAME) 

Absolute stereochemistry. 



OH 




RN 644971-80-2 CAPLUS 

CN Benzamide, 2- [ (2S) ~3- (5-chlorospiro [benzof uran~2 (3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -4-hydroxy-N" [1- (hydroxymethyl ) -2 , 2-dimethylpropyl ] - (CA 
INDEX NAME) 

Absolute stereochemistry. 



OH 




CI 



RN 644971-81-3 CAPLUS 

CN Benzamide, 2- [ (2S) -3- {5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -N- [ [ {1S,2R, 58) -6 , 6-dimethylbicyclo [ 3 . 1 . 1 ] hept-2- 



10/579,545 

yl]methyl] -4-hydroxy- (CA INDEX NAME) 
Absolute stereochemistry. 




RN 644971-82-4 CAPLUS 

CN Ben z amide, 2-[(2S)-3-(5-chlorospiro[benzofuran-2(3H),4* -pipe ri din] -1 ' -yl) 
2-hydroxypropoxy] -4-hydroxy-N- [ 1~ (hydroxymethyl ) -2-methylpropyl J - (CA 
INDEX NAME) 

Absolute stereochemistry. 




RN 644971-83-5 CAPLUS 

CN 1-Piperazineethanol, 4- [2- [ (2S) -3- ( 5-chlorospiro [benzofuran-2 (3H) , 4 • - 

piper idin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxyben2oyl] - {9CI ) (CA INDEX 
NAME) 



Absolute stereochemistry. 



10/579,545 




RN 644971-84-6 CAPLUS 

CN 3-Piperidinemethanol, 1- [2- [ {2S) -3- { 5-chlorospiro [benzof uran-2 {3H) , 4 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl ] - (9CI) (CA INDEX 
NAME) 

Absolute stereochemistry. 




RN 644971-85-7 CAPLUS 

CN Be nz amide, 2- [ (2S) -3- (5-chlorospiro [benzof uran-2 {3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -N- [5- (1, 1-dimethylpropyl) -2-hydroxyphenyl] -4-hydroxy- 
{CA INDEX NAME) 

Absolute stereochemistry. 



OH 

Me 




RN 644971-86-8 CAPLUS 



10/579,545 



CN Benzamide, 2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy]-4-hydroxy-N-- [3- (1-hydroxyethyl) phenyl]- {CA INDEX NAME) 

Absolute stereochemistry. 




RN 644971-87-9 CAPLUS 

CN Benzamide, 2-[ (2S) -3- (5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy ] -N- (cyclopropylmethyl ) -4-hydroxy- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 644971-88-0 CAPLUS 

CN Benzamide, 2- [ (2S) -3- ( 5-chlorospiro [benzofuran-2 (3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -4-hydroxy-N-l-pyrrolidinyl- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 644971-89-1 CAPLUS 



10/579,545 



CN Benzamide, N- (IR, 4S) -bicyclo [2 . 2 . 1 ] hept-2-yl-2- [ {2S) -3- (5- 

chlorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- 
hydroxy- (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644971-90-4 CAPLUS 

CN 4-Piperidinol, 4- { 4-chlorophenyl )-l-[2-[(2S)-3-( 5-chlorospiro [ benzof ur an - 
2 (3H) , 4 ' -piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] - (9CI) (CA 
INDEX NAME) 

Absolute stereochemistry. 




RN 644971-91-5 CAPLUS 

CN Benz amide, 2- [ (2S) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 * -yl) - 
2-hydroxypropoxy] -4-hydroxy-N- (2-hydroxy-l-phenylethyl) - (CA INDEX NAME) 

Absolute stereochemistry. 



10/579,545 




RN 644971-92-6 CAPLUS 

CN 4-Pipericlinol, 1- [2- [ (2S) -3- { 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] - 
1 • ~yl) -2"hydroxypropoxy] -4-hydroxybenzoyl] -4 -phenyl- {9CI) (CA INDEX 
NAME) 

Absolute stereochemistry. 




Ph 



RN 644971-93-7 CAPLUS 

CN Isoquinoline, 2- [2- [ (2S) -3- ( 5~chlorospiro [benzof uran-2 {3H) , 4 ' -piper idin] - 
1 ' -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] -1, 2 , 3, 4-tetrahydro- (9CI) (CA 
INDEX NAME) 

Absolute stereochemistry. 



OH 




I 



10/579,545 



RN 644971-94-8 CAPLUS 

CN 2--Piperidinemethanol, 1- [2- [ ( 2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' - 
piperidin] -1 '-yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] - {9CI) {CA INDEX 
NAME) 

Absolute stereochemistry. 




RN 644971-95-9 CAPLUS 

CN 2-PyrrolidinecarbQxamide, 1- [2- [ (2S) -3- (5-chlorospiro [benzofuran-2 (3H) , 4 
piperidin] -1 '-yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] -N, N-dimethyl- (CA 
INDEX NAME) 

Absolute stereochemistry. 




RN 644971-96-0 CAPLUS 

CN L-Proline, 1- [2- [ (2S) -3- ( 5-chlorospiro [benzofuran-2 (3H) , 4 ' -piperidin] -1 '■ 
yl ) -2-hydroxypropoxy] -4-hydroxybenzoyl] -4-hydroxy-, methyl ester, (4R)- 
(CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




RN 644971-97-1 CAPLUS 

CN 3-Piperidinol, l-[2-[ (2S)-3-( 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] 
l'-yl)-2-hydroxypropoxy]-4-hydroxybenzoyl]-, (3R)- (9CI) {CA INDEX NAME) 

Absolute stereochemistry. 



OH 




RN 644971-98-2 CAPLUS 

CN Benzamide, 2- [ (2S) -3- (5-chlorospiro [benzof uran'2 (3H) , 4 ' -piperidin] -1 ' -yl) 
2-hydroxypropoxy] -4-hydroxy-N- {2-hydroxycyclohexyl) - (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644971-99-3 CAPLUS 

CN Piper idine, 1- [2- [ (28) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 * -piperidin] -1 ' 



LO/579,545 



yl) -2-hydroxypropoxy] -4-hyclroxybenzoyl] -4-phenyl- (9CI) (CA INDEX NAME) 
Absolute stereochemistry. 



CI 




RN 644972-00-9 CAPLUS 

CN Thiomorpholine , 4-[2- [ {2S) -3-(5-chlorospiro [benzof uran-2 { 3H) , 4 ' -piperidin] - 
l'-yl)-2-hydroxypropoxyj-4-hydroxybenzoyl]- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 

OH 




RN 644972-01-0 CAPLUS 

CN 3-Piperidinol , l-[2-[ (2S)-3-(5-chlorospiro [ benzof uran-2 {3H) , 4 ' -piperidin] - 
1 ' -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] - (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



OH 




10/579,545 



RN 644972-02-1 CAPLUS 

CN Benzamide, 2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) ,4 * -piper idin] -1 ' -yl) 
2-hydroxypropoxy] -N- (cyclopropylmethyl ) -4-hydroxy-N-propyl'- {CA INDEX 
NAME) 

Absolute stereochemistry. 



CI 




RN 644972-03--2 CAPLUS 

CN Benzamide, 2- [ (25) -3- (5-chlorospiro [benzof uran-2 (3H} , 4 ' -piperidin] -1 ' -yl) 
2-hydroxypropoxy] -4-hydroxy-N,N-bis (2-methylpropyl) - (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644972-04-3 CAPLUS 

CN IH- 1 so indole, 2-[2 - [ (2S) -3-(5-chlorospiro[benzofuran-2 (3H) ,4 '-piperidin] - 
1 ' -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl ] -2, 3-dihydro- ( 9CI) (CA INDEX 
NAME) 



Absolute stereochemistry. 



10/579,545 



CI 




RN 644972-05-4 CAPLUS 

CN Benzamide, 2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' -yl) 
2-hydroxypropoxy] -N- [2- ( 1, 1-dimethylethoxy) ethyl] -4-hydroxy~N- (2- 
methylpropyl) - (CA INDEX NAME) 

Absolute stereochemistry. 



OH 




RN 644972-06-5 CAPLUS 

CN Piperidine, l-[2-[ (2S)-3- {5-chlorospiro [benzof uran-2 { 3H) , 4 ' -piper idin] -1 ' 
yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] -4-fluoro- {9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



CI 




F 



RN 644972-07-6 CAPLUS 



10/579,545 



CN Piperidine, l-[2-[{2S)-3- ( 5-chLorospiro [benzof uran-2 ( 3H) , 4 ' -piper idin] 
yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] -4 , 4-dif luoro- (9CI} {CA INDEX 
NAME) 

Absolute stereochemistry. 




RN 644972-08-7 CAPLUS 

CN Benzamide, 2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piper idin] -1 ' - 
2-hydroxypropoxy] -N-phenyl- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 644972-09-8 CAPLUS 

CN 2-Pyrrolidinemethanol, l-[2-[(2S)-3- (5-chlorospiro [benzof uran-2 {3H) , 4 ' 
piper idin] -1 ' -yl ) -2-hydroxypropoxy] -4-hydroxybenzoyl ] -a, a- 
diphenyl-, (2R)- (9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




RN 644972-54-3 CAPLUS 

CN 3-Pyrrolidinecarboxamide, 1- [2- [ {2S) -3- ( 5-chlorospiro [benzofuran-2 {3H) , 4 ' 
piper idin] -1 ' -yl ) -2-hydroxypropoxy ] -4-hydroxybenzoyl ] ~ , 
mono { trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644972-53-2 

CMF C27 H32 CI N3 06 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- CO2H 
F 

RN 644972-59-8 CAPLUS 

CN 2- Pyrrol idinecarboxamide, l-[2-[ (2S)-3- { 5-chlorospiro [benzofuran-2 (3H) , 4 ' 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxybenzoyl ] (2S) 
mono (trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 



10/579,545 



CM 1 

CRN 644972-58-7 

CMF C27 H32 CI N3 06 

Absolute stereochemistry. 



OH 




0 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C-CO2H 
F 

RN 644972-63-4 CAPLUS 

CN 3-Pyrrolidinamine, l-[5-chloro-2-[(2S)-3-(5-chlorospiro[benzofuran- 
2 { 3H) , 4 ' -piperidin] -1 ' -yl } -2-hydroxypropoxy ] -4-hydroxybenzoyl ] -N, N- 
dimethyl-, (3R)-, bis { trif luoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644972-62-3 

CMF C28 H35 C12 N3 05 



Absolute stereochemistry. 



10/579,545 



CI 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F- C-CO2H 
F 

RN 644972-66-7 CAPLUS 

CN 3-Pyrrolidinemethanol, 1- [5-chloro-2- [ {2S) -3- ( 5-chlorospiro [benzofuran 
2 {3.H) , 4 ' -piper idin] -1 ' -yl) ~2-hydroxypropoxy] -4-hydroxybenzoyl ] {3R) - 
mono(trifluoroacetate) (salt) {9CI) {CA INDEX NAME) 

CM 1 

CRN 644972-65-6 

CMF C27 H32 C12 N2 06 

Absolute stereochemistry. 



10/579,545 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C" CO2H 
F 

RN 644972-69-0 CAPLUS 

CN 3-PyrrolidinemGthanol, 1- [5-chloro-2- [ (2S) -3- ( 5-chlorospiro [benzofuran- 
2 (3H) , 4 ' -piper idin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxyben2oyl] {3S) 
mono(trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644972-68-9 

CMF C27 H32 012 N2 06 



Absolute stereochemistry. 



10/579,545 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 
F 

RN 644972-71-4 CAPLUS 

CN Pyrrolidine, 1- [ 5-chloro-2- [ (2S) -3- ( 5-f luorospiro [benzof uran-2 { 3H) , 4 ' 
piper idin] -1 ' -yl ) -2-hydroxypropoxy ] -4-hydroxybenzoyl] 
mono(trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644972-70-3 

CMF C26 H30 CI F N2 05 



Absolute stereochemistry. 



10/579,545 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F-C-C02H 
F 

RN 644972-75-8 CAPLUS 

CN Acetamide, N- [2- [ (2R) -3- { 5-f luorospiro [benzofuran-2 ( 3H) , 4 ' -piperidin] -1 ' - 
yl) -2-hydroxypropoxy] -4-methoxyphenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 




F' 



RN 644972-81-6 CAPLUS 

CN 3-Pyrrolidinol, 1- [2- [ (2S) -3- { 5-f luorospiro [benzofuran-2 (3H) , 4 • -piperidin] 
I'-yl) -2-hydroxypropoxy] benzoyl]-, {3S)- {9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 



.OH 




RN 644972-82-7 CAPLUS 

CN Pyrrolidine, l-[2~[{2S)-3-( 5-f luorospiro [benzof uran-2 ( 3H) , 4 ' -piper idin] -1 ' - 
yl) -2-hydroxypropoxy] -4-hydroxybenzoyl] - (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644972-86-1 CAPLUS 

CN Acetamide, N- [ 4-f luoro-2- [ (2S ) -3- { 5-f luorospiro [benzof uran-2 (3H} ,4'- 
piperidin]-! '-yl) -2-hydroxypropoxy]phenyl]- (CA INDEX NAME) 

Absolute stereochemistry. 




F 



RN 644972-87-2 CAPLUS 



10/579,545 



CN Cyclopentanecarboxamide, N- [ 5-chloro-2- [3- (5-chlorospiro [benzof uran- 
2 ( 3H) , 4 * -piperidin] -1 ' -yl ) -2-hydroxypropoxy] -4-hydroxyphenyl] - (CA INDEX 
NAME) 




RN 644972-92-9 CAPLUS 

CN Cyclopentanecarboxamide, N- [5-chloro-2- [3- ( 5-f luorospiro [benzofuran- 

2 (3H) , 4 ' -piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxyphenyl] - (CA INDEX 
NAME) 




RN 644972-93-0 CAPLUS 

CN Cyclopentanecarboxamide, N- [ 5--chloro-4-hydroxy-2- ( 2-hydroxy-3- 

spiro [benzof uran-2 ( 3H) , 4 ' ^piperidin] -1 ' -ylpropoxy ) phenyl ] - { 9CI) (CA 
INDEX NAME) 



10/579,545 




RN 644972-95-2 CAPLUS 

CN Benzamide, N- [5-chioro-2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' - 
piperidin] -1 ' -yl) -2-hydroxypropoxy] '-4-hydroxyphenyl ] 
mono(trif luoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644972-94-1 

CMF C28 H28 C12 N2 05 

Absolute stereochemistry. 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F- C- C02H 
F 

RN 644973-01-3 CAPLUS 

CN Benzamide, N- [5-chloro-2- [ (2S) -3- ( 5-fluorospiro [benzof uran-2 {3H) , 4 ' - 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hydroxyphenyl] 
mono {trif luoroacetate) (salt) (9CI) {CA INDEX NAME) 



!| 

10/579,545 



CM 1 

,' CRN 644973-00-2 

CMF C28 H28 CI F N2 05 

^ Absolute stereochemistry. 



OH 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F-C- C02H 
F 



RN 644973-03-5 CAPLUS 

CN Urea, [5-chloro-2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piper idin] -1 ' - 
yl) -2-hydroxypropoxy] -4-hydroxyphenyl ] mono ( trif luoroacetate) (salt) 
(9CI) {CA INDEX NAME) 

CM 1 

CRN 644973-02-4 
CMF C22 H25 C12 N3 05 

Absolute stereochemistry. 

I 



I 
I 

I 



10/579,545 



CI 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F- C- 002 H 
F 

RN 644973-06-8 CAPLUS 

CN Urea, [5-chloro-2- [ (25) -3- { 5-f luorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' 
yl) -2-hydroxypropoxy] -4-hydroxyphenyl] mono ( trif luoroacetate) (salt) 
(9CI) (CA INDEX NAME) 

CM 1 

CRN 644973-05-7 

CMF C22 H25 CI F N3 05 

Absolute stereochemistry. 



OH 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



10/579,545 



I 

F- C- CO2H 
F 



RN 644973-08-0 CAPLUS 

CN Urea, [5-chloro-2- [ (2S) -3- ( 5-f luorospiro [benzof uran-2 ( 3H} , 4 ' -piperidin] -1 ' 
yl)-2-hydroxypropoxy] phenyl]- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644973-10-4 CAPLUS 

CN Urea, [5-chloro-2- [ ( 2S ) -3- ( 5-chlorospiro [benzof uran-2 { 3H) , 4 ' -piperidin] -1 • 
yl)-2-hydroxypropoxy] phenyl]- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644973-11-5 CAPLUS 

CN Urea, [2- [ {2S) -3- ( 5- fluorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 '-yl) -2- 
hydroxypropoxy] phenyl ] - (9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




RN 644973-12-6 CAPLUS 

CN Urea, [2- [ {2S) -2-hydroxy-3-spiro [benzof uran-2 (3H) , 4 * -piperidin] -1 ' - 
ylpropoxy] phenyl]- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644973-13-7 CAPLUS 

CN Urea, [4-f luoro-2- [ (2S) -3- ( 5-f luorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' 
yl)-2-hydroxypropoxy] phenyl]- (9CI) {CA INDEX NAME) 

Absolute stereochemistry. 




RN 644973-14-8 CAPLUS 

CN Urea, [4-f luoro-2- [ (2S) -2-hydroxy-3-spiro [benzof uran-2 (3H) , 4 * -piperidin] - 
1 '-ylpropoxy] phenyl] - ( 9CI ) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




RN 644973-39-7 CAPLUS 

CN Acetamide, N- [2- [ (2S) -3- { 5-chloro-3 ' -f luorospiro [benzof uran-2 ( 3H) , 4 ' - 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4-hyclroxyphenyl] - (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 645389-76-0 CAPLUS 

CN Be nz amide, 2-[ (2S)-3-(5-chlorospiro[benzofuran-2 (3H) ,4'-piperidin]-l'-yl)" 
2-hydroxypropoxy ] -4-hydroxy-N- ( 4-hydroxycyclohexyl ) - (CA INDEX NAME) 

Absolute stereochemistry. 




IT 644969-54-0 644969-92-6 644970-60-5 
644970-97-8 644973-07-9 

RL: RCT (Reactant); RACT (Reactant or reagent) 

(preparation of tricyclic spiropiperidines or spiropyrrolidines useful 
against disorders affected by modulation of chemokine receptors) 



10/579,545 



RN 644969-54-0 CAPLUS 

CN Benzoic acid, 2- [ ( 2S ) -3- ( 5-chlorospiro [benzof uran-2 { 3H) , 4 ' -piperidin] -1 
yl)-2-hydroxypropoxy]-4-hydroxy- (CA INDEX NAME) 

Absolute stereochemistry. 



OH 




CI 



RN 644969-92-6 CAPLUS 

CN Benzoic acid, 2- [ { 2S ) -3- ( 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] -1 
yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl ) methyl] hydrochloride (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 




OMe 



• HCl 

RN 644970-60-5 CAPLUS 

CN Spiro [benzof uran-2 { 3H) , 4 * -piperidine] -1 ' -ethanol, a- [ ( 2 -amino- 5- 
hydroxyphenoxy)methyl] -5~chloro-, (aS)- (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




CI 



RN 644970-97-8 CAPLUS 

CN Benzoic acid, 2- [ ( 2S) -3- ( 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piper idin] -1 ' 
yl ) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl ) methoxy ] hydrochloride (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 



CI 




• HCl 

RN 644973-07-9 CAPLUS 

CN Benzoic acid, 5-chloro-2- [( 2S ) -3- { 5-chlorospiro [benzofuran-2 ( 3H ), 4 ' - 

piper idin] -1 ' -yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl ) methoxy ] - (CA 
INDEX NAME) 

Absolute stereochemistry. 




CI 



IT 644969-14-2? 644969-23-3P 644969-26-6P 
644969-50-6P 644969-51-7P 644969-53-9P 
644969-56-2P 644969-66-4P 644969-68-6P 



10/579,545 
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RL: RCT (Reactant); SPN {Synthetic preparation) ; PREP (Preparation); RACT 
{Reactant or reagent) 

(preparation of tricyclic spiropiperidines or spiropyrrolidines useful 
against disorders affected by modulation of chemokine receptors) 
RN 644969-14-2 CAPLUS 

CN Benzamide, 2- [ (2S) -3- (5-chlorospiro [benzof uran-2 {3H) , 4 ' -piperidin] -1 ' -yl) 
2-hydroxy-2-methylpropoxy] -N-cyclopropyl-4- [ ( 4-methoxyphenyl ) methoxy] - 
(CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




CI 



RN 644969-23-3 CAPLUS 

CN Benzamide, 2- [ {2S) -3- { 5-chlorospiro [benzof uran-2 {3H) , 4 • -piperidin] -1 ' -yl) 
2-hydroxy-2-methylpropoxy] -4- [ (4-methoxyphenyl) methoxy] -N-methyl- (CA 
INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




CI 



RN 644969-26-6 CAPLUS 

CN Ben z amide, 2- [ (2S) -3- { 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' -yl ) 
2-hydroxypropoxy] -4- [ {4-methoxyphenyl)methoxy] -N-methyl- (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 644969-50-6 CAPLUS 

CN Benzoic acid, 2- [ (2S) -3- (5-chlorospiro [benzofuran-2 (3H) , 4 ' -piperidin] -1 ' - 
yl) -2-hydroxypropoxy] -4- [ {4-methoxyphenyl)methoxy] methyl ester (CA 

INDEX NAME) 

Absolute stereochemistry. 



O 




CI 



RN 644969-51-7 CAPLUS 

CN Benzamide, 2- [ (2S) -3- (5-chlorospiro [benzofuran-2 (3H) , 4 ' -piperidin] -1 ' -yl) 
2-hydroxypropoxy] -N- (2-hydroxyethyl ) -4- [ ( 4-methoxyphenyl ) methoxy] - (CA 
INDEX NAME) 



10/579,545 

Absolute stereochemistry. 



0 




OMe 



RN 644969-53-9 CAPLUS 

CN Benzamide, N- (2-aminoethyl) -2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 
piperidin] -1 '-yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl ) methoxy] - (CA 
INDEX NAME) 

Absolute stereochemistry. 



O 




CI 



RN 644969-56-2 CAPLUS 

CN Benzamide , 2-[(2S)-3-( 5-f luorospiro [benzof uran-2 { 3H) , 4 ' -piperidin] -1 ' -yl ) - 
2-hydroxypropoxy] -4- [( 4-methoxyphenyl) methoxy] -N-methyl- {CA INDEX NAME) 

Absolute stereochemistry. 




RN 644969-66-4 CAPLUS 

CN Benzamide, 2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 3 ' -pyrrolidin] -1 ' -yl) - 
2-hydroxypropoxy] -4- [( 4-methoxyphenyl) methoxy] -N-methyl- (CA INDEX NAME) 



10/579,545 



Absolute stereochemistry. 




OMe 



RN 644969-68-6 CAPLUS 

CN Benzoic acid, 2- [ {2S) -3- ( S-chiorospiro [benzof uran-2 {3H) , 4 '-piperidin] -1 " 
yl) -2-hydroxypropoxy] -4- [ (4-methoxyphenyl)methoxy] - {CA INDEX NAME) 

Absolute stereochemistry. 




OMe 



RN 644969-70-0 CAPLUS 

CN 3-Pyrrolidinol , l-[2-[{2S)-3-{ 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] • 
1 * -yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl ) methoxy] benzoyl] {3S) - 
(9CI) {CA INDEX NAME) 



Absolute stereochemistry. 



10/579, 545 



OMe 




RN 644969-72-2 CAPLUS 

CN 3-Pyrrolidinol , l-[2-[{2S)-3-(5-chlorospiro [ ben zo fur an- 2 ( 3H) , 4 ' -piperidin] - 
1 ' -yl ) -2-hydroxypropoxy ] -4- [ ( 4-methoxyphenyl) methoxy] benzoyl] ( 3R) - 
(9CI) {CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




RN 644969-74-4 CAPLUS 

CN Morpholine, 4- [2 - [ {2S) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 '-piperidin] -1'- 
yl ) -2-hydroxypropoxy] -4- [ (4-methoxyphenyl ) methoxy] benzoyl ] - ( 9CI ) (CA 
INDEX NAME) 



Absolute stereochemistry. 



10/579,545 



OMe 




RN 644969-91-5 CAPLUS 

CN Pyrrolidine, l-[2-[{2S)-3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 * -piper idin] -1 
yl) -2-hydroxypropoxy] -4- [ ( 4 -methoxyphenyl) methoxy] benzoyl ] - (9CI) (CA 
INDEX NAME) 

Absolute stereochemistry. 



OMe 




CI 



RN 644969-94-8 CAPLUS 

CN 4-Piperidinol, 1- [2- [ {2S) -3- ( 5-chIorospiro [benzof uran-2 (3H) , 4 ' -piper idin] 
1 ' -yl) -2-hydroxypropoxy] -4- [ { 4 -methoxyphenyl) methoxy] benzoyl] - (9CI) {CA 
INDEX NAME) 



Absolute stereochemistry. 



10/579,545 



OMe 




RN 644969-97-1 CAPLUS 

CN Piper idine, l-[2-[(2S)-3- ( 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] -1 * - 
yl) -2-hydroxypropoxy] -4- [ { 4-in€5thoxyphenyl ) methoxy] benzoyl ] - (9CI) (CA 
INDEX NAME) 

Absolute stereochemistry. 



OMe 




RN 644970-07-0 CAPLUS 

CN 3-Pyrrolidinol, l-[2-[ {2S) -3~(5-chlorospiro[benzofuran-2 (3H) , 4 ' -piperidin] - 
1 ' -yl ) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl) methoxy] benzoyl] benzoate 
(ester), (3S)- (9CI) {CA INDEX NAME) 



10/579,545 



Absolute stereochemistry. 



OMe 




RN 644970-10-5 CAPLUS 

CN Benzoic acid, 2- [ {2S) -3- (S-chlorospiro [benzofuran-2 (3H) , 4 ' -piperidin] -1 ' 
yl) -2-hydroxypropoxy] -4-f luoro-, methyl ester (CA INDEX NAME) 

Absolute stereochemistry. 



CI 




0"^ OMe 



RN 644970-11-6 CAPLUS 

CN Benzoic acid, 2- [ (2S) -3- ( 5-chlorospiro [benzofuran-2 { 3H) , 4 ' -piperidin] -1 ' 
yl) -2-hydroxypropoxy] -4-f:luoro-, hydrochloride (9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




C02H 



• HCl 

RN 644970-13-8 CAPLUS 

CN Benzoic acid, 2- [ { 2S ) -2-hyclroxy-3- [ 5- ( trif luoromethyl ) spiro [benzof uran- 
2 (3H) , 4 ' -piperidin] -1 ' -yl]propoxy] -4- [ ( 4-methoxyphenyl ) methoxy] methyl 
ester (CA INDEX NAME) 



Absolute stereochemistry. 



PAGE 1-A 




PAGE 1-B 



'OMe 



RN 644970-14-9 CAPLUS 

CN Benzoic acid, 2~ [ ( 2S) -2-hydroxy-3- [ 5- ( trif luoromethyl ) spiro [benzof uran- 
2 (3H) , 4 '-piperidin] -1 ' -yl]propoxy] -4- [ ( 4-methoxyphenyl ) methoxy] 
hydrochloride (9CI) (CA INDEX NAME) 



10/579,545 



Absolute stereochemistry. 

PAGE 1-A 




• HCl 

PAGE 1-B 



"^OMe 

RN 644970-15-0 CAPLUS 

CN 3-Pyrrolidinol , 1- [2- [ (2S) -2-hydroxy-3- [5- ( trif luoromethyl ) spiro [benzofura 
n-2 ( 3H) , 4 ' -piperidin] -1 ' -yl] propoxy] -4- [ ( 4-Tnethoxyphenyl ) methoxy] benzoyl] - 

, (3S)- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



10/579,545 



F3C 




RN 644970-17-2 CAPLUS 

CN Benzoic acid, 4-f luoro-2- [ (2S) -2-hydroxy-3--spiro [benzof uran-2 ( 3H) , 4 ' 
piperidin]-l'-ylpropoxy]-, methyl ester (9CI) {CA INDEX NAME) 

Absolute stereochemistry. 




0^ OMe 



RN 644970-18-3 CAPLUS 

CN Benzoic acid, 4-f luoro-2- [ ( 2S ) -2-hydroxy-3-spiro [benzof uran-2 ( 3H) , 4 ' 
piperidin] -1 • -ylpropoxy] hydrochloride (9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 



F 




• HCl 



RN 644970-20-7 CAPLUS 

CN Benzoic acid, 4-f luoro-2- [ (23) -3- ( 5-f luorospiro [benzofuran-2 (3H) , 4 
piperidin] -1 ' -yl) -2-hydroxypropoxy] methyl ester (CA INDEX NAME) 



Absolute stereochemistry. 




0 OMe 



RN 644970-23-0 CAPLUS 

CN Acetamide, N-[(3S)-l-[2-[(2S) -3- { 5-chlorospiro [benzof uran-2 (3H) , 4 ' - 

piper idin] -1 ' -yl) -2-hydroxypropoxy ] -4- [ { 4-methoxyphenyl) methoxy] benzoyl ] -3- 
pyrrolidinyl] - {CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 



OMe 




NHAc 



RN 644970-26-3 CAPLUS 

CN Benzoic acid, 2- [ (2S) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 * 
yl) -2-hydroxypropoxy] -4-methyl-, methyl ester (CA INDEX NAME) 

Absolute stereochemistry. 



Me 




CI 



RN 644970-29-6 CAPLUS 

CN Benzoic acid, 2- [ ( 2S ) -3- ( 5-f luorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] -1 • 
yl) -2-hydroxypropoxy] -4-methyl-, methyl ester (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 



Me 




F' 



RN 644970-33-2 CAPLUS 

CN Benzamide, 2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -N- [ [ (4R) -2 , 5-dioxo-4-irtiidazolidinyl] methyl] -4- [ (4- 
methoxyphenyDmethoxy]- (CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




0 



RN 644970-38-7 CAPLUS 

CN 3-Pyrrolidinol, 1- [2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 { 3H) , 4 ' -piperidin] 
I'-yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl ) methoxy] benzoyl ] -3- 
(trifluoromethyl) - {9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 



OMe 




RN 644970-43-4 CAPLUS 

CN Pyrrolidine, 1- [2- [ (23) -3- { 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 
yl) -2-hydroxypropoxy] -4- [ { 4 -methoxyphenyl)methoxy] benzoyl] -3- 
(trifluoromethyl)- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




CI 



RN 644970-45-6 CAPLUS 

CN Benzamide, N- [2- (acetylamino) ethyl ] -2- [ (23) ~3- (5-chlorospiro [benzof ur an- 
2 (3H) , 4 ' -piper idin] -1 * -yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl ) methoxy] 
(CA INDEX NAME) 



Absolute stereochemistry. 



10/579, 545 



0 




RN 644970-57-0 CAPLUS 

CN Spiro [benzofuran-2 {3H) , 4 ' -piperidine] -1 ' -ethanol, a- [ (2- 

aminophenoxy)methyl] -5-chloro-, dihydrochloride, (aS)- (9CI) 
INDEX NAME) 

Absolute stereochemistry. 




CI 



#2 HCl 

RN 644970-61-6 CAPLUS 

CN Spiro [benzofuran-2 ( 3H) , 4 ' -piper idine] -1 * -ethanol, a- [ ( 2-amino- 
hydroxyphenoxy) methyl] -5-chloro-, (aS) bis { trif luoroacetate) 
(salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644970-60-5 

CMF C21 H25 CI N2 04 



Absolute stereochemistry. 



10/579,545 



CI 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F- C-CO2H 
F 

RN 644970-64-9 CAPLQS 

CN Spiro [benzof uran-2 { 3H) , 4 ' -piperidine ] -1 ' -ethanol, a- [ (2-amino-5- 

fluorophenoxy) methyl] -5-chloro-, dihydrochloride, (aS)- (9CI) (CA 
INDEX NAME) 

Absolute stereochemistry. 



F 




• 2 HCl 

RN 644970-69-4 CAPLUS 

CN 4 -Isoxa zolidinol, 2- [2- [ (2S) -3- { 5-chlorospiro [benzof uran-2 (3H) , 4 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl ) methoxy ] benzoyl ] 
(4S)- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



10/579,545 



OMe 




RN 644970-73-0 CAPLUS 

CN 4-Isoxazoiidinol, 2- [2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' - 

piper idin] -1 ' -yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl) methoxy] benzoyl] 
(4R)- (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




RN 644970-80-9 CAPLUS 

CN 4-Isoxazolidinol, 2- [2- 1(23) -3- ( 5-chlorospiro [benzof uran-2 ( 3H) , 4 

piper idin] -1 ' -yl) -2-hydroxypropoxy] -4- [ { 4-methoxyphenyl) methoxy] benzoyl ] 
methyl-, (4S)- {9CI) (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 



OMe 



CI 




RN 644970-86-5 CAPLUS 

CN 4-Isoxazoiidinol, 2- [2- [ {2S) -3- ( 5-chlorospiro [benzof uran-2 {3H) , 4 ' - 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ (4-methoxyphenyl) me thoxy] benzoyl] -4- 
methyl-, (4R)- (9CI) (OA INDEX NAME) 

Absolute stereochemistry. 



OMe 




CN Benzamide, 2- [ (2S) -3- ( 5-chlorospiro [benzofuran-2 (3H) , 4 ' -piperidin] -1 ' -yl) - 
2-hydroxypropoxy] -N- (metlnylsulfonyl) - (CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 




CI 



RN 644970-90-1 CAPLUS 

CN Benzoic acid, 2- [ (2S) -3- (5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 
yl) -2-hydroxypropoxy] -, 1 , 1-dimethyiethyl ester (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644970-95-6 CAPLUS 

CN Benzoic acid, 2 - [ ( 2 S ) -3- ( 5-chlorospiro [benzof uran-2 ( 3H) , 4 ' -piperidin] -1 
yl) -2-hydroxypropoxy] hydrochloride (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



• HCl 



RN 644970-96-7 CAPLUS 

CN 3-Pyrrolidinamine, l~[2-{ (2S)-3-{5-chlorospiro [benzof uran-2 ( 3H) , 4 ' - 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ ( 4 -methoxyphenyl) methoxy ] benzoyl ] 
N,N-diinethyl-, (3R)- {9CI) {CA INDEX NAME) 



Absolute stereochemistry. 



10/579,545 



OMe 




CI 



RN 644971-07-3 CAPLUS 

CN Benzoic acid, 5-chloro-2- [ (23) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' - 

piperidin] -1 '-yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl) methoxy] methyl 
ester (CA INDEX NAME) 

Absolute stereochemistry. 




CI 



RN 644971-08-4 CAPLUS 

CN Benzoic acid, 5-chloro-2- [ {2S) -3- ( 5-chlorospiro [benzofuran-2 (3H) , 4 ' - 

piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl) methoxy] methyl 
ester, trif luoroacetate (salt) {9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-07-3 

CMF C31 H33 C12 N 07 



Absolute stereochemistry. 



10/579,545 



0 




CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

F- C-CO2H 
F 

RN 644971-11-9 CAPLUS 

CN 3-Pyrrolidinol, 1- [ 5-chloro-2-- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' 
piperidin] -1 * -yl ) -2-hydroxypropoxy ] -4- [ ( 4-methoxyphenyl ) me thoxy] benzoyl] 
(3S)-, mono{trifluoroacetate) (salt) (9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-10-8 

CMF C34 H38 C12 N2 07 

Absolute stereochemistry. 



10/579,545 



OMe 




CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 

F 

I 

F- C-CO2H 

I 

F 

RN 644971-14-2 CAPLUS 

CN Pyrrolidine, 1- [2- [ (23) -3- { 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin ] -1 ' - 
yl) -2-hydroxypropoxy] -4- [ { 4-methoxyphenyl ) methoxy] benzoyl] -3-methoxy-, 
(3S)- (9CI) {CA INDEX NAME) 

Absolute stereochemistry. 
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CI 



RN 644971-17-5 CAPLUS 

CN 2-Pyrrolidinemethanol, l-'[2-[ (2S) -3- ( 5-chlorospiro [benzofuran-2 (3H) ,4'- 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ { 4 -methoxyphenyl) me thoxy] benzoyl ] 
(2R)- {9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




CI 



RN 644971-25-5 CAPLUS 

CN 2 -Pyrrol idinecarboxamide, l-[2-[(2S)-3-( 5-chlorospiro [benzofuran-2 ( 3H) , 4 ' - 
piperidin] -1 * -yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl ) methoxy ] benzoyl] 
{2R)- {CA INDEX NAME) 



Absolute stereochemistry. 
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RN 644971-41-5 CAPLUS 

CN Benzoic acid, 2- [ (2S) -2-hydroxy-3-spiro [benzofuran-2 ( 3H ), 4 ' -piperidin] - 1 ' 
ylpropoxy] "4- [ ( 4-methoxyphenyl ) methoxy] methyl ester, trif luoroacetate 
(salt) (9CI) {CA INDEX NAME) 

CM 1 

CRN 644971-40-4 
CMF C31 H35 N 07 

Absolute stereochemistry. 
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CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

F-C-C02H 
F 

RN 644971-42-6 CAPLUS 

ON Benzoic acid, 2- [ (2S) -2-hydroxy-3-spiro [benzof uran-2 {3H) , 4 ' -piperidin] -1 
ylpropoxy] -4- [ (4-methoxyphenyl)methoxy] hydrochloride {9CI) (CA INDEX 
NAME) 

Absolute stereochemistry. 




• HCl 

RN 644971-46-0 CAPLUS 

CN Benzoic acid, 2- [ {2S) -3- (5-chlorospiro [benzofuran-2 {3H) , 4 ' -piperidin] -1 ' 
yl) -2-hydroxypropoxy] -5-niethyl-, methyl ester, trif luoroacetate (salt) 
(9CI) (CA INDEX NAME) 

CM 1 

CRN 644971-45-9 
CMF C24 H28 CI N 05 



Absolute stereochemistry. 
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CI 



CM 2 

CRN 76-05-1 
CMF C2 H F3 02 



F 

I 

F-C- C02H 

I 

F 

RN 644971-67-5 CAPLUS 

CN Ben z amide, 2- [ (2S) -3- ( 5-chlorospiro [benzof uran-2 (3H) , 4 ' -piperidin] -1 ' -yl 
2-hydroxypropoxy] -N- ( 2-hydroxypropyl ) ~4- [ { 4-inethoxyphenyl ) methoxy] - (CA 
INDEX NAME) 

Absolute stereochemistry. 



Me /OH 




CI 



RN 644972-56-5 CAPLUS 

CN 3-Pyrrolidinecarboxamide, l-[2-[ (2S) -3-(5-chlorospiro[benzofuran-2 (3H) , 4 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl) methoxy] benzoyl] 
(CA INDEX NAME) 



Absolute stereochemistry. 
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OMe 




CI 



RN 644972-60-1 CAPLUS 

CN 2-Pyrroliciinecarboxamide, l-[2-[{2S)-3- ( 5-chlorospiro [benzof uran-2 { 3H) , 4 
piperidin] -1 '-yl) -2-hydroxypropoxy ] -4- [ ( 4-methoxyphenyl ) methoxy] benzoyl ] 
(2S)- (CA INDEX NAME) 



Absolute stereochemistry. 
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II 
0 

RN 644972-64-5 CAPLUS 

CN 3-Pyrrolidinamine, 1- [ 5-chloro-2- [ { 2S ) -3- ( 5-chlorospiro [benzofuran- 
2 ( 3H) , 4 ' -piper idin] -1 ' -yl) -2-hydroxypropoxy ] -4- [ (4- 

methoxyphenyDmethoxylbenzoyl] -N,N-dimethyl-, (3R)- (9CI) (CA INDEX NAME) 
Absolute stereochemistry. 



OMe 




NMe2 



RN 644972-67-8 CAPLUS 

CN 3 -Pyrrol idineme thanol , 1- [5-chloro-2- [ {2S) -3- {5-chlorospiro [benzofuran- 
2 ( 3H) , 4 * -piper idin] -1 ' -yl ) -2-hydroxypropoxy] -4- [ ( 4- 
methoxyphenyl)methoxy]benzoyl]-, {3R)- {9CI) {CA INDEX NAME) 



Absolute stereochemistry. 
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CI 



RN 644972-72-5 CAPLUS 

CN Benzoic acid, 5-chloro-2- [ (2S) -3- { 5-f luorospiro [benzof uran-2 {3H) , 4 ' - 

piperidin] -1 '-yl) -2"hydroxypropoxy] -4- [ ( 4-methoxyphenyl) methoxy] methyl 
ester (CA INDEX NAME) 

Absolute stereochemistry. 




RN 644972-73-6 CAPLUS 

CN Benzoic acid, 5-chloro-2- [ (2S) -3- ( 5-f luorospiro [benzofuran-2 (3H) , 4 ' - 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl ) methoxy ] -, 
hydrochloride (9CI) (CA INDEX NAME) 



Absolute stereochemistry. 
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• HCl 



RN 644972-74-7 CAPLUS 

CN Pyrrolidine, 1- [5-chloro-2- [ (2S) -3- { 5-f luorospiro [benzof uran-2 (3H) ,4 '- 

piper idin] -1 ' -yl) -2-hydroxypropoxy] -4- [ ( 4 -methoxyphenyl ) me thoxy] benzoyl] 
{9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



OMe 




RN 644972-83-8 CAPLUS 

CN Benzoic acid, 2- [ (2S) -3- { 5-f luorospiro [benzof uran-2 {3H) , 4 ' -piperidin] -1 * 
yl) -2-hydroxypropoxy] -4- [ {4-methoxyphenyl) methoxy] methyl ester (CA 
INDEX NAME) 



Absolute stereochemistry. 
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RN 644972-84-9 CAPLUS 

CN Benzoic acid, 2 - [ (2S) -3- ( 5-f luorospiro [benzof urarL-2 {3H) , 4 ' -piper idin] -1 ' - 
yl) -2-hydroxypropoxy] -4- [ { 4-methoxyphenyl ) methoxy ] hydrochloride (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 




• HCl 

RN 644972-85-0 CAPLUS 

CN Pyrrolidine, 1- [2- [ {2S) -3- {5-f luorospiro [benzof uran-2 {3H) , 4 ' -piperidin] -1 ' - 
yl) -2-hydroxypropoxy] -4- [ ( 4-methoxyphenyl ) methoxy] benzoyl ] - ( 9CI ) {CA 
INDEX NAME) 



Absolute stereochemistry. 
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RN 644972-91-8 CAPLUS 

CN Cyclopentanecarboxamide, N- [5-chloro-2- [3- { 5-chlorospiro [benzofuran- 
2 {3H) , 4 ' -piper idin] -1 '-yl) -2-hydroxypropoxy] -4- [ [tris {l- 
methylethyl ) silyl] oxy] phenyl] - {CA INDEX NAME) 



0 




CI 0-Si(Pr-i)3 
RN 644973-04-6 CAPLUS 

CN Benzoyl azide, 5-chloro-2- [ ( 2S ) -3- ( 5-chlorospiro [benzofuran-2 ( 3H ) , 4 ' - 
piperidin] -1 ' -yl) -2-hydroxypropoxy] -4- [ { 4 -methoxyphenyl ) methoxy ] - {CA 
INDEX NAME) 



Absolute stereochemistry. 
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